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THIS PAPER is an attempt to show how well known surgical principles 


can be coordinated and most successfully applied by organized, timed technique. 


The principles to which we allude, and which we believe are soundly based, 


are widely practiced in the treatment of wounds and infection. They include: 

1. Efficient first aid by adequate occlusive dressing, relief of pain, hemos- 
tasis and temporary splinting.": '* 

2. Excision or débridement of fresh wounds as advocated by Depage'® 
and by Pierre Duval'* during the first phase of the War of 1914-1918, but 
which had been enunciated by Desault'! in 1813. 

3. (a) Surgical antisepsis or its more recent descendant, bacteriostasis, 
as first practiced by Lister,”’ but whose roots are much older. 

(b) Surgical asepsis as first advocated by von Bergmann’ in 1888. 

4. Wound (curtain) drainage by the employment of packing gauze 
impregnated with liquid paraffin, as first urged by Rutherford Morison*™ 
and subsequently by Gurd,'? McKim,** and by Orr.*® 

5. Closed or occlusive dressings. Most of the emphasis of this principle 
has recently been placed on “closed plaster technique.” This is fortunate 
for the principle was known to the Egyptians (Smith papyrus) and _ to 
Hippocrates who used various immobilizing materials and hardening band- 
ages long before plaster of paris was known, e.g., bandages impregnated 
with albuminous material. Primitive peoples have used clay or mud, and 
this method was used successfully by the Ethiopians during their recent 


struggle with the Italians. In 1853, Gamgee'® described the continued 
fixation of a dressing by starch bandages. Plaster of paris appears to 
have first been used by Ollier,®8 in 1872, to enclose wound and whole limB 
completely. 
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6. Rest of the part, a principle immortalized by Hilton,?* in 1863. 

7. Infrequent change of dressings with proper drainage was advocated 
and practiced by Rutherford Morison,** in 1881. 

It will thus be seen that the general principles of closed and infrequent 
dressings are mainly ancient, and their modern adaption almost one 
hundred years old. 

During the first phase of the present world struggle, the War of 1914- 
1918, considerable impetus was given to the technique of W. H. Ogilvie,* 
by Morison,** and by Hey Groves.’* These advocates were strongly sup- 
ported, subsequently by Gurd,'® and McKim” of this hospital, by Orr,®*® # 
and by Baer,* all of whom studied the problems first hand in the last war. 

In the recent Spanish War, Trueta™®:*! continued the story, and his 
work has since taken him to Britain where it is still going on. It is interesting 
to note that Ogilvie** continues to show great interest in this work. 

The material and experience upon which this paper is based has been 
taken from the Surgical Wards of The Montreal General Hospital where 
interest in the technique advocated herein has never flagged. Many hundreds 
of cases of all kinds have been so treated since 1919, including all varieties 
of fresh trauma, burns and infections of all kinds both aerobic and anaerobic. 


COMMENTARY ON THE BACTERIOLOGY OF WOUNDS 


Apart from the specific relationships of antibacterial measures to par- 
ticular microorganisms, it is essential to interpret the results of surgical 
procedures in terms of the bacteria involved. Especially have the current 
problems of chemotherapy, and a better understanding of the physiology 
of both the tissues and bacteria, stimulated an increasing degree of cooperation 
between the surgeon and the laboratory. 

Organisms Found in Wounds.—lIt scarcely needs be noted that the 
bacteria in wounds are introduced either at the time of wounding, or during 
subsequent dressings or examinations. The varieties of organisms present 
will depend on the site and degree of wounding, the opportunity for con- 
tamination, and the conditions of treatment. All wounds and operations 
become contaminated. After all, the best operating conditions yet devised 
do not approximate the perfection of technique required to handle materials 
in a bacteriological fashion. Infection, however, does not necessarily follow, 
even when the contaminants are demonstrably pathogenic. The living tissues 
are not inert culture media. 

In general, civilian wounds, even when caused by enemy action in the 
form of air raids, become infected less frequently than do war wounds 
of a similar nature suffered in combat. This is due in part to the more prompt 
attention to the civilian casualty than is often possible in the field, and to 
the fact that materials driven into a civilian wound, whether they be street 
dirt, clothing or skin, are likely to be bacteriologically cleaner than is the 
case with military casualties. 

During 1914-18, cases arriving in England shortly after having been 
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wounded on the highly cultivated soil of France showed a primary infection 
largely made up of fecal bacteria. Wounds in this stage practically always 
yielded cultures containing Cl. weichti and other anaerobic spore-bearers, 
B. proteus, and streptococci which were generally of the fecal type. In 
civilian injuries, either industrial or air raid, anaerobic bacteria are not so 
common, but pyogenic cocci, the source of which is almost exclusively the 
human nasopharynx and skin, are found with fair frequency. In addition 
to these highly invasive bacteria, a wide variety of microbes common to soil, 
water and air-borne dust may gain access to a wound. These include micro- 
cocci, nonhemolytic streptococci, B. coli, diphtheroids, B. proteus and B. pyo- 
cyaneus. The status of the latter three has been much discussed, and a note 
about them may not be amiss. 

Diphtheroid bacilli are frequently found in wounds. They are common 
on the human skin and in dust. They have always been regarded lightly, 
since they are never found alone and their direct pathogenicity is slight. It 
is a matter of interest that many of them are inhibited by a factor present in 
human serum, and the inhibition can be removed by the presence of staphy- 
lococci. This may explain why they are not found alone. The symbiotic 
influence is bilateral, for it was shown long ago that they assist some of 
the pathogens to grow, and their presence in an infected wound may, there- 


fore, be of some importance. 
B. proteus and B. pyocyaneis are usually acquired, if at all, during hos- 
pitalization. They pass readily from case to case. B. proteus usually dis- 


appears when wounds are well drained, and persists if sloughs or sequestra 
are present. Wounds with B. proteus present have no distinctive character, 
though granulation may have a somewhat unhealthy appearance, and newly 
formed epithelium tends to break down. B. pyocyaneus, the organism of blue 
pus, is often without obvious significance, though sometimes it seems re- 
sponsible for systemic symptoms and cessation of healing. Trueta has 
suggested that the organism may have a beneficial effect on wounds and 
that it may inhibit the growth of pyogenic staphylococci and streptococci. 
This has not been confirmed. Both these organisms add much to the foul 
odor of exudates. 

The Subsequent History of the Wound.—Before the bacteria begin to 
multiply there is a latent period usually of two or three hours. This lag may, 
however, extend to several days if the wound has been thoroughly cleaned 
and débrided. During this time débridement may remove the contaminants 
completely. By cultivation of the excised tissue, and subsequently of the 
plaster-treated wound, Orr-Ewing found that some species present in the 
excised tissue never reappeared. Even though pathogens may exist in a 
wound throughout the time of healing they do not always cause manifest 
disease. This must be remembered in view of the tendency to make bacterio- 
logical diagnoses of gas bacillus infection, for example, in the absence of 
clinical signs. 

During the stage of bacterial growth, local infection of the tissue takes 
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place. This infection may remain localized or may spread in a mannet 
determined in large measure by the species of organism. 

Throughout the course of healing, the danger of secondary infection 
is ever-present. The prevention of this by the infrequent occlusive dressing 
is one of its major contributions. The most serious of the secondary invaders 
are the pyogenic streptococcus or staphylococcus. Both cocei may be found 
contaminating cases treated by the open or even the closed plaster method, 
and tend to persist until final healing takes place (though, under pressure 
dressings, usually without significance). The duration of hospitalization prior 
to the first discovery of these organisms in a wound shows them to be largely 
gained subsequent to the time of the initial injury. In this respect Hare 
urges minimal first-aid treatment as a means of avoiding unnecessary exposure 
of a wound to these human parasites until such time as proper surgical 
precautions can be observed. 

During World War | Streptococcus pyogenes was present in practically 
every septic wound, and was responsible for nearly every complication, the 
commonest of which were cellulitis or erysipelas, formation and persistence 
of sinuses, and severe constitutional symptoms. This organism is feared 
because of its great invasiveness. Occasionally local implantation may pass 
through lymphangitis to septicemia within 12 hours. This ready permeation 
of tissue spaces and lymphatics is associated with the production by the 
organism of a fibrinolysin, and the limitation of the extension appears to 
depend on the leukocytic barrier. Before this has forined the damaged tissue 
is, therefore, extremely vuinerable to the streptococcus, and it is especially 
important to protect the wound from such contamination before granulation. 
Thereafter such contamination may usually be detected only bacteriologically, 
but before further surgical intervention, cultures should again be made to 
allow for measures to prevent dissemination of any streptococci present. 

The susceptibility of the streptococci and the resistance of the staphy- 
lococcus to sulfonamides has changed the relative importance of these two 
organisms in wounds. The staphylococcus produces a fibrin coagulum in 
tissue spaces and lymphatics, and is much more easily localized than is 
the streptococcus. However, as the usual cause of osteomyelitis, and since 
it does invade the blood stream, the presence of the staphylococcus in wounds 
is a serious matter. 

The source of the streptococcus as far as wounds are concerned is the 
human nasopharynx. It rarely survives on the external skin surface, though 
it may sojourn long enough for the fingers to effect a transfer. It may 
survive on the clothing or bedclothes and may be disseminated with the 
dust in the air of wards. The staphylococcus is found in 50 per cent of 
human noses, but of greater importance is its frequent presence on the 
external skin, especially in those addicted to furuncles. It is particularly 
important to realize that such skin carriers cannot be eliminated by scrub- 


bing-up. Indeed, one may after scrubbing yield a positive culture where 


a negative one was given before. The need for strict surgical asepsis in 
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the dressing of wounds is obvious. Other details such as dry sweeping of 
floors also require supervision. 

Gas Gangrene.—Gas gangrene is usually a mixed infection. The most 
important toxigenic species of Clostridia are welchii, septicum and oedematiens, 
while others digest damaged muscle and contribute to improving the oppor- 
tunities for the chief pathogens. The organisms are carried into the wound 
at the time of the original injury: Only rarely are they secondary invaders 
from, for example, unsterile dressings. 

Contamination of a wound with these anaerobes does not necessarily result 
i infection. The spores may germinate and cultures may show persistence 
of the organisms in a wound, without any clinica! manifestations whatsoever, 
and this probably occurs in a majority of such contaminations. Spooner 
found two cases of frank infection out of eight air-raid casualties with positive 
cultures. Furthermore, clostridial infection of the subcutaneous tissues 
must be recognized as differing sharply in prognosis from the serious 
condition obtaining when muscle is involved. It is for this latter that the 
term “gas gangrene” is reserved. 

The determining factor in spore germination and bacterial growth is the 
oxidation-reduction potential of the tissue. Prominent among conditions 
promoting anaerobiasis are extensive tissue damage, deep narrow puncture 
wounds, hemorrhage, imperfect drainage, retained foreign bodies, and the 
presence of other bacteria which may utilize oxygen. Tourniquets and tight 
packing (corking) of a wound help to achieve the same purpose. The risk 
of gas gangrene is commensurate with the degree of infestation of the 
environment with the responsible organisms. Nevertheless, even in Flanders, 
during 1914-18, where the heavily fertilized soil must have contaminated 
well-nigh 100 per cent of the casualties with pathogenic Clostridia, the incidence 


of gas gangrene among the wounded was never, at its highest, greater than 


about 12 per cent. It is worth noting that wounds sustained by soldiers 


in a state of exhaustion are followed by a significantly higher incidence of 
gas gangrene. 

Signs of anaerobic infection may appear within a few hours of the 
injury, or they may be delayed for days. Ninety per cent of infections, 
however, will reveal themselves within 48 hours. During the early stages the 
bacteria remain confined to the damaged area, and multiply rapidly. Delay 
in treatment rapidly accelerates the frequency of gas gangrene. Digestion 
of the blood and dead tissue vields the characteristic foul exudate, which 
tiay permeate along the subcutis and the fascial planes. Injured muscles 
may be invaded singly or in groups, or a whole segment of a limb may be 
involved. Histologically, it can be shown that the disease has extended 
well beyond the point indicated by clinical signs of change. In such areas of 
apparently healthy muscle, a few fibers can be seen microscopically to have 
undergone change due to the bacteriai toxins. The sarcolemma sheaths of 
the long individual fibers are easily detached from the supporting connective 
tissue. This provides a potential space into which edema fluid may readily 
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pass and carry toxin to cause necrosis of the individual fibers. Such toxin- 
killed fibers are forthwith invaded by bacteria. The presence of these at 
any point means production of more toxin and enzymatic hydrolysis of tissue 
carbohydrates to produce the gas. Either toxins or bacteria may gain the 


blood stream. 


THE RATIONALE OF CLOSED INFREQUENT DRESSINGS 


Although much has been written in explanation of the success of the 
occlusive dressing from both investigative and clinical experience, there 
is still no general agreement. In all modesty, therefore, it is thought 
preferable to list briefly our observations and opinions with such comment 


as may be available from experience : 

1. Rest: This fundamental principal of therapy takes precedence over 
all other factors. It is, moreover, universally understood and accepted. All 
the other factors will be found to be subordinate to rest in one way or 
another ( Hilton?*). 

2. Prevention or Limitation of Bacterial Contamination: There is ample 
confirmation of the exclusion of pathogenic bacteria from wounds by occlusive 
dressings. This is exemplified by the “closed plaster’®! treatment and by 
the “pressure dressings’** as used in burn treatment and plastic surgery. 
The fact that excessive contamination of wounds by pathogens is the price 
of frequent change of dressing is, also, well established. In this connection, 
the work of Hare,”° Trueta and Barnes,®* Orr-Ewing, Scott and Gardner®! 
is outstanding. 

It will, also, be accepted that the saturation of dressings with moist 
discharges contributed to their penetration by contaminating organisms from 
bedclothes, anus, efc. Consequently, the thickness and dryness of dressing 
or plaster are important. To illustrate experimentally, we quote from a 
personal communication from Neal Owens :*” “Sections of moistened dressing 
gauze of different thicknesses are placed on the surface of bacterial cultures 
in deep petri dishes and their different bacterial diffusion times from bottom 
to top are estimated. When compared with the rate of diffusion through 
similar dry gauze pads the rate of diffusion is found to be much more rapid.” 

3. Effect on the Local Circulation—(a) Vascular, (b) Lymphatic: 
(a) The localizing effect on infection of “pressure dressings” and, in par- 
ticular, “closed plaster” insofar as the vascular circulation is concerned has 
been described by Trueta®’ as an active congestion of local tissues under the 
dressing in many respects simulating the inflammation phenomena. To the 
authors, the matter seems more easily understood if pressure is regarded 
as preventing the accumulation of interstitial fluid and, thus, we believe, im- 
proving the circulation through the affected part. 

(b) The lymphostatic effect of rest alone has been well demonstrated by 
Field, White and Drinker.’ In addition, it should, also, be recalled that 
bacterial dissemination from an infection takes place via the lymphatics at 
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least preferentially ther than via the blood stream. Pawlowsky,** 1900, 
was convinced of th.s, and Drinker, et al.,’° have proven -it. 

4. Retention within the dressing of antibacterial and other beneficent proc- 
ucts of the body’s immunological armamentarium in the exuded serum. Very 
little has been made of this point although its importance may, perhaps, be 
assumed from the healing in the peritoneal cavity without drainage, or with, 
at best, only partial drainage, in a diffuse peritonitis. In any case, it would 
appear that body defences operate best either early or late when the involved 
area is immobilized and contamination prevented by an occlusive dressing. 

5. Curtain Drainage-—Whether in fresh trauma or in preinfected cases, 
the role of packing gauze in the wound in providing adequate drainage is gen- 
erally accepted. When paraffin or vaseline is impregnated in the gauze, the 
usefulness of the drain is increased.** This latter fact has been emphasized by 
several writers, notably by Gurd and McKim,”* who described it as “curtain 
drainage.” More recently, in 1941, the role of this type of drainage has been 
urged by Pfeiffer and Smith.*” 

6. Bacteriostasis—Fundamentally and principally, this phenomenon arises 
sui generis from natural immunologic sources. Many attempts have been 
made, however, to aid the local natural defensive mechanism of the body by 
chemotherapy. B.I.P.P., Z.1.P.P., Z.1.S.P., the aniline dyes, particularly 
acriflavine, and other materials have all been used, and some with considerable 
success. More recently, sulfonamides have been employed in this role. This 
local use of sulfonamides has been widely developed, and they have been 


combined with other bacteriostatic agents and placed in various vehicles. At 
The Montreal General Hospital an oil-in-water emulsion of sulfathiazole was 
devised in 1941, and has now been used for about two years with gratifying 
results. This emulsion was designed to give both satisfactory curtain drain- 
age and bacteriostasis. Previous experience with it has already been described 
in the literature.’: ?»*4 A brief review of its rationale and the formula will be 


found elsewhere in this paper. 

7. Adequate Surgical Treatment.—Finally, it should be stated categorically 
that in compound fractures and in larger wounds, the failure to carry out ade- 
quate surgical excision of dead and devitalized tissue, to enlarge the wound, 
and to relieve fascial tension nullifies all of the foregoing benefits of occlusive 
infrequent dressings. The authors believe that in civil practice as well as 
under field service conditions, this statement still holds, notwithstanding 
W. H. Ogilvie’s** report on the Dunkerque casualties, and the very excellent 
recent report on the South Sea casualties by Ferguson, et al..* These two 
reports have indicated that only minimal wound excision or débridement is 
necessary. It is felt by the authors, however, that both of the reports are 
based upon casualties occurring under special conditions, i.e., the beaches, 
sea warfare, or land not long contaminated by dense human or animal popula- 
tion. Injuries occurring in more densely populated areas, such as Europe, 
Asia or America will inevitably be more subject to bacterial contamination 
and shall demand wound excision. 
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STEP-BY-STEP HOSPITAL PROCEDURE (SEE OPERATIONAL CHART) 
A. FRESH TRAUMATIC WOUNDS 


B. PREINFECTED WOUNDS AND SUPPURATING FOCI 


; 

A. FresH Traumatic Wounps.—Predicated upon the knowledge that 
reasonably safe first-aid measures have been instituted, such as detailed by 
Cole and Puestow,’ and most successful when rapid evacuation is followed by 
early operation : 

1. Emergent.—It must be emphasized at once that antishock and anti- 
hemorrhage measures take precedence, and that any surgical procedure, espe- 
cially with anesthesia, must be delayed until these measures are effective. The 
transfusion of whole blood for the treatment of shock plus hemorrhage, and 
the administration of oxygen to forestall and combat anoxia are the most 
important details. Surgical or secondary shock without hemorrhage, as in 
burns and extensive trauma without hemorrhage, requires only plasma or 
serum plus oxygen. To carry these measures out adequately, frequent esti- 
mations of the red blood cells, hemoglobin, hematocrit and plasma proteins. 
(See Chart. ) 

In exceptional cases the ligation of large blood vessels will necessitate an 
early examination and dressing charge with a temporary plaster encasement. 
In such instances sulfathiazole emulsion packing is used successfully in the 
temporarily treated wound. Case No. A-4, illustrates this point. 

2. Sedation for the surgical procedure requires ‘careful individualization, 

3. Anesthesia—li a general anesthesia is necessary the inhalation type is 
indicated. Spinal anesthesia has been shown to offer the greatest risk to acute 
traumatic cases recovering from shock, hence, it is generally speaking contra- 
indicated. The role of intravenous barbiturates should, we believe, be still 
considered sub judice. Reference is made here to the recent report of the 
Shock Committee of the Canadian National Research Council.” 

4. Removal of First-Aid Dressing. —The emergency dressing shouid not be 
removed until the patient is in the operating room. Cultures are taken from 
the wound at once. 

5. Local Wound Preparation—This is meticulously carried out with 
aseptic technique, using gloves and instruments, with swabs of ether, alcohol 
and iodine, dettol, metaphen or other recognized germicide.* Over the wound 
itself a sterile gauze dressing is first placed. The skin around the wound 1s 
then wiped carefully away from the edges. Copious lavage of the wound 
with saline or any antiseptic is not favored, although detergents are used 
when necessary. 

6. Surgical Excision of the Wound (Débridement).+—(a) Enlargement of 


the wound is the first step, and is essential for adequate exploration, successful 


* The value of pure soap as a germicide as well as a detergent in local wound prepara- 
tion is stressed by Trueta in his recent publication on the Treatment of War Wounds. 


Haycraft emphasized the same in 1918.26 
+ For a concise and selective definition of the term débridement the reader is referred 
to the writings of Desault, Depage and Duval and also Lemaitre.*° 
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OPERATIONAL CHART 


TIMING 1N THE HOSPITAL TREATMENT OF WOUNDS AND COMPOUND FRACTURES 


EMPHASIZING THE PRINCIPLE OF INFREQUENT OCCLUSIVE DRESSINGS 
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URINALYSIS DAILY 


SECOND WEEK 


8TH TO 14TH DAY 


CODEINE OR 
AS INDI- 


SEDATIVES — 
BARBITURATES — 
CATED 
SAME—ONLY AS INDICATED 
FRESH 
IN 


TRANSFUSION OF 
BLOOD—AS INDICATED 
UNITS OF 500 cc. 


SERA-——-VACCINES TOXOID— 


AS INDICATED 


DIET—SAME 


DAILY 
IRON 


FLUIDS: 3,000 cc. 
VITAMIN TABLETS: 


CATHARTICS 


INSPECT DAILY: MAY 
DRESS ON 8TH DAY, EXCEPT 
PLASTER CASES 


DRESSING: 
ANESTHETIC : 
OPERATION: 
DELAYED PRIMARY SUTURE 
INSERTING SULFONAMIDE 
SUSPENSION OR POWDER OR 
PACKING WITH SULFATHIA- 
ZOLE EMULSION, WITH OC- 
CLUSIVE DRESSING 


AS INDICATED 


SKIN GRAFTING AS _ INDI- 


CATED 


HB. AND R.B.C. 2 DAYS 
BLOOD CHEMISTRY—PLASMA 
PROTEINS—C HLORIDES 
Q. 3 DAYS 
SULFONAMIDE LEVEL Q. 2? 
DAYS AND W.B.C. 


URINALYSIS Q. 3 DAYS 


SONVALESCENCE 


3RD WEEK ONWARD 


SAME—IF NECESSARY: 
CONTINUE IF POSSIBLE) 


SAME-—-FRESH BLOOD 


DIET——SAME 


FLUIDs: 2,000 CC. DAILY 
VITAMIN TABLETS: IRON 


CATHARTICS 


(DIS- 


DRESS ON I5TH DAY AND 
WEEKLY THEREAFTER. 
PLASTERS EVERY 3-4 WEEKS 


OR LONGER 


DRESSING: 
ANESTHETIC: 
OPERATION: 


SECONDARY SUTURE, 


AS INDICATED 


USING 


SULFONAMIDE SUSPENSION OR 


POWDER, WITH 


DRESSING 


OCCLUSIVE 


SKIN GRAFTING AS INDICATED 


HB. AND R.B.C. WEEKLY 
BLOOD 
PROTEINS 
WEEKLY 


SULFONAMIDE LEVEL Q. 2 
DAYS AND W.B.C. 


URINALYSIS WEEKLY 


CHEMISTRY — PLASMA 











LABORATORY 
EXAMINATIONS 


CLINICAL 
DATA 


CHART ALL 
DETAILS 
CLEARLY 


HEMOGLOBIN ESTIMATION 
OR HEMATOCRIT 


BLOOD COUNT 
BLOOD CHEMISTRY- 
PLASMA PROTEINS 


T.P.R. 
B.P. 
BLOOD COUNTS 


ADMISSION 
AND 


HB. ESTIMATES 
PLASMA PROTEINS 
HEMOGRAM RESULTS 


PACK WOUND WITH SULFA- 
THIAZOLE EMULSION GAUZE 
OR, B.I.P.P. ETC. (““CURTAIN 
DRAINAGE) 
OCCLUSIVE, INFREQUENT 
DRESSING, WITH PLASTER, 
CRINOLINE, ELASTO- 
PLAST, ADHESIVE, PRESSURE 
DRESSINGS, WITH COTTON 
WASTE AND FLANNELETTE. 
PRIMARY SUTURE OR SKIN 
GRAFT IN SUITABLE CASES 
REPEAT HB. Q. 2 H. UNTIL 
CONTROL ESTABLISHED. 
THEN Q. 4H. FOR AT 

LEAST 48 HOURS 

BLOOD COUNT Q 4H. 

BLOOD CHEMISTRY—PLASMA 
PROTEINS——CHLORIDES 
WOUND CULTURE 
URINALYSIS 


CHART 
B.P. AND P. 
HB. 

THEN 
AMOUNTS OF 
SUBSTITUTES 
GLUCOSE AND SALINE 
BLOOD COUNTS 
BLOOD CHEMISTRY 
OPERATION NOTES: 


o. 1h. 
Q. LH. 
Q. 4H. 


BLOOD AND 


HB. Q. 4H. 
R. B.C. B. I. D. 


BLOOD CHEMISTR) 
(CHLORIDES) 

PLASMA PROTEINS 
SULFONAMIDE LEVEL 
AND W. B. C. 
URINALYSIS 


T.P.R. Q. 4H. 
B.P. AND P. Q. 4H 
INTAKE AND OUTPUT 


AMOUNTS OF BLOOD AND 
SUBSTITUTES. GLUCOSI 
AND SALINE 
SULFONAMIDE LEVPEI 
BLOOD COUNTS 
PROGRESS NOTES: 


HB. AND R.B.C. DAILY 


BLOOD CHEMISTRY— PLASMA 
PROTEINS DAILY- 
CHLORIDES 

SULFONAMIDE LEVEL, Q. 2 
DAYS AND W.B.C. 


URINALYSIS DAILY 


T.P.R. AND B.P., Q. 4H. 
INTAKE AND OUTPUT DAILY 
TOTAL DOSAGE SULFONA- 
MIDES DAILY 
AMOUNTS OF 
SUBSTITUTES 
GLUCOSE 
SULFONAMIDE 
BLOOD COUNTS 
BACTERIOLOGY 
PROGRESS NOTES: 


BLOOD AND 


LEVEL 


HB. 


BLA 
PR 
Q. 


AND R.B.¢ 


OD 
YTEINS 
3 DAYS 


CHEMISTRY 
HLORIDES 


SULFONAMIDE 
DAYS AND W.B.( 


% DAYS 


PLASMA 


LEVEL Q. 


URINALYSIS Q. 3 DAYS 


T.P.R. 


Q. 45 


DISCONTINUE B.P. 


INTAKE 
SULFONAMID! 


SAME 


SAME 


SAME 


SAME 


OPERATION 


AND OUTPUT 


DAILY 


TOTAL DAILY. 


NOTES: 


PROGRESS NOTES: 


HB. AND R.B.C. WEEKLY 


BLOOD CHEMISTRY— PLASMA 
PROTEINS 


WEEKLY 


SULFONAMIDE LEVEL 
DAYS AND W.B.C. 


URINALYSIS WEEKLY 


T.P.R. Q. 4H. 


PATHOLOGY REPORTS 


BACTERIOLOGY REPORTS 


OPERATION NOTES: 
PROGRESS NOTES: 
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excision and extraction of foreign bodies. The wound edges are conservatively 
excised at this time. The deep fascia is now widely incised, lest eventual ten- 
sion of tissues favor interference with the blood supply and predispose to 
gangrene. This is a detail of fundamental importance. 

(b) Circulation —Blood vessels are now inspected and all gross hemor 
the use of a vitallium tube be 


rhage arrested. Should arterial suture or 
indicated, it is postponed until the wound excision is completed. This applies, 


also, to suture of nerve, tendon or other structure. 

(c) Excision of all Dead and Badly Traumatized tissue in the depths of 
the wound. This procedure is radical, the whole area of muscle and interstitial 
tissue being removed, if possible, en masse. Conservatism has no place here. 


Fic, 2 


Fic. 1.—Operation completed and fracture reduced on Hawley table. Enlarged wound partly 


closed with packing held in place by loose suturing. 
Fic. 2.—Gauze dressing saturated with sulfathiazole 
These figures and four following constitute a pictograph 
plaster) of a compound fracture of the tibia. 


emulsion covering the wound. 
of infrequent protective dressing (closed 


(d) Amputation—Should amputation be necessary, the stump is packed 
open, only sufficient loose suturing of the edges being done to retain the pack. 
(See Case A-4.) 

7. Fracture Treatment.—Reduction and fixation of fractures is now done 
and, where necessary, internal or external fixation carried out. 

8. Wound (Curtain) Drainage.—From the depths outward, the interstices 
of the wound are now snugly packed with gauze impregnated with 5% sul- 
fathiazole emulsion.* When necessary, the edges of the wound are now loosely 


sutured. (See Fig. 1.) 


* Emulsion sulfathiazole 5% (M.G.H. formula): Sulfathiazole 5%, triethanolamine 


5 
2%, distilled water 24%, white beeswax 5%, liquid paraffin 64%. The emulsion is used 
liberally and in excess rather than conservatively. Alternatively, B.I.P.P.-paraffin gauz« 
technique may be’ done.+ 

Although not always carried out by the author, this packing may be preceded by the 
installation of a 5-10% suspension of sulfathiazole crystals or microcrystals. This is 
carried out in such a manner as to leave a frosting of the crystals in the depths and on 


the surface of the wound, after all excess suspension has been spilled or mopped up. 
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Fic. 3 





Fic. 4 


, Fic. 3.--Large pad of mechanic’s waste covering whole leg and wrapped 
in a towel or gauze bandage. | ; 
Fic. 4.—Additional padaing with sheet wadding from toes to midthigh. 


9g. Surface Dressing.—The excess of the packing covers the wound with a 
thin layer of gauze. This, in turn, is covered with gauze dressings impregnated 





This variation in technique we owe to a personal communication from Dr. W. V. Cone,*® 
of the Montreal Neurological Institute, who developed it while serving in the No. | 
Canadian Neurological Unit in Britain. The reader is also referred to a paper by Dr. 
F. W. Shaver of the hospital, on The Primary Suture of Simple Mastoids.47 

+ B.I.P.P.: Bismuth subnitrate 1 part, powdered iodoform 2 parts, liquid paraffin 
about 1 part, or sufficient to make a thick paste. 

It is of the utmost importance that vaseline or paraffinum molle should not be used, 
as with such a vehicle an ointment results which will not adhere to the raw surface. 
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with the emulsion. Finally, dry, fluffed gauze or preferably fluffed cotton 
waste is used as a reinforcement or padding for the whole wound area, and in 
sufficient quantity to make the largest feasible elastic compressible dressing, 
at least three inches in thickness ( Figs. 2 and 3). When plaster is to be used, 
the limb or part is now padded with sheet wadding (Fig. 4). 


10, Occlusive Dressing.—Plaster of paris, the “pressure dressing,”* starch 





Fic. 5 


Fic. 6 
Fic. 5.—Plaster encasement (circular bandage) completed except for foot in position on 
Hawley table. 


Fic. 6.—Completed plaster encasement elevated for drying. 





* The term “pressure dressing” has, we believe, achieved a special significance, espe- 
cially in burn therapy and plastic surgery. First described in detail by Blair, Brown, 
et al.,6 this dressing has been subsequently modified only in minor details to suit special 
purposes and techniques. Koch and Allen,? Siler and Reid,#8 Neal Owens,*? and the 
authors,°4 in particular, have described the principles and use as applied to The Treat- 
ment of Burns and Skin Grafting. 
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bandages, elastoplast bandages or other alternative suited to the case are now 
used to encase the limb or part in such a way as to produce maximum fixation 
and optimum pressure. Not only the wound area but the joints proximal and 
distal to the wound must be encased. This reduces muscular action to an 
absolute minimum and consequently promotes lymph stasis. The plaster may 
be applied as snug moulds or slabs reinforced and fixed by circular plaster 
bandages, or the latter may be used throughout (Fig. 5). In any event, the 
encasing plaster or alternative dressing must be applied with moderate pres- 
sure. The skill with which this is done allows for sufficient sustained pressure 
to prevent early loosening, although not sufficient to embarrass the vascular 
circulation. Such skill will only be acquired by personal experience. It 
should be pointed out here that when starch crinoline bandages are used, al- 
lowance is made for shrinkage and tightening as the bandage dries. 

This may appear to vary widely from Trueta’s®' unpadded plaster tech- 
nique. Actually, however, the difference is more apparent than real, for the 
large elastic dressing under the plaster has essentially the same effect and 1s, 
we believe, a safer method for general use. 

11. Drying of the plaster or starch bandages is accelerated by the use of 
a baker. 

12. Elevation.—It is well to allow elevation of the part at least until drying 
is complete and the circulation well established. During this period frequent 
inspection of the circulation of the protruding toes and fingers is necessary. 

13. Redressing of these fresh trauma cases is discussed elsewhere, and 
details will be found in the Operational Chart. The week is the “time unit” 
but three to six weeks may be desirable especially when plaster is used. li 
fixation has been accomplished in the functional position, prolongation of the 
period between dressings is very unlikely to be followed by interference with 
joints or tendons. 

PREEXISTING INFECTED WOUNDS AND SUPPURATING FOCI 

3.—The necessity for preliminary antishock and hemorrhage treatment 
rarely exists here, although frequently blood transfusions and/or infusions of 
5% glucose solution are carried out before, during and shortly after operation. 
The necessity for the investigation of the state of the sugar metabolism in all 
cases of infection is emphasized as it is so frequently found to be disturbed at 
least temporarily. Determination of the sugar content of the blood during the 
fasting state may suffice. Often, however, a sugar tolerance test is ‘required. 

The usefulness of insulin in infections and wound healing has been stressed 
by one of the authors (Gurd)*° and its adaptation to the individual case ex 
plained. Its usefulness in, infections varies all the way from the necessary 
administration to protect the diabetic preliminary to operation to its rdle as 
an adjunct to wound healing and general debility treatment in chronic cases. 

Sedation, anesthesia and local skin preparation are matters of hospital 
routine and individual choice. 

Incisions must be so placed that maximum effect upon interstitial tension 
may be obtained with minimal damage to essential structures, and adequate in 
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size for good drainage purposes. As a general tule, multiple incisions should 


« avoided but rather one or few more extensive Openings so fashioned that 


the effect indicated above may be obtained. Where necessary, Hilton’s method 
of blunt dissection of deeper tissues is employed. All pocketing is broken 
down and in carbuncular types of inflammation the edges of the lesion are 
undercut to the limit of induration. In every case the guiding rule is to incise 
sufficiently not only on the surface for good drainage but, more importantly, 
to incise the fascial planes so as to both relieve all existing tension and antici- 
pate its possible development or recurrence. 

Cultures are taken at once. As much necrotic tissue and débris as can be 
judiciously excised is removed and the purulent contents of the abscess well 
evacuated. Allowance being made for good drainage, a gauze pack soaked 
in 5% sulfathiazole emulsion is now placed snugly in the cavity and the ends 
used to thinly cover the wound. The rest of the dressing procedure is carried 
out exactly as for fresh trauma. 

I 


LABORATORY REPORT 
THE CONCENTRATION OF SULFATHIAZOLE 





TABLE 





LABORATORY INVESTIGATIONS SHOWING 
IN LOCAL TISSUES TREATED WITH THE M. G 





H. EMULSTON 





Dressings Not Changed 
Elapsed Time After Treatment—Average of Estimations in Mg. Per Cent 
(Total Sulfathiazole Only) 


Clinical Cases M. G. H. Laboratory Independent Laboratory* 
24 hours 120 mg. per cent 124 mg. per cent 
48 hours 78 mg. per cent 76 mg. per cent 
72 hours ; 45 mg. per cent 43 mg. per cent 

4 days 34 mg. per cent 

5 days 30 mg. per cent 


7 days.. 28 mg. per cent 











Laboratory Animals M. G. H. Laboratory Independent Laboratory * 
24 hours... Bay ar ne 122 mg. per cent 129 mg. per cent 
48 hours.... ; ‘ 65 mg. per cent 


Dressings are changed with about the same frequency in these cases as in 
fresh wounds. This may depend somewhat upon the amount of primary 
hemorrhage, necrosis or exudate, but the weekly timing has, for all practical 
purposes, proven satisfactory. This practice is carried out with both indoor 
and outdoor patients. It may be stated here that daily bacterial counts on the 
exudate, and chemical tissue analyses of biopsied material for sulfathiazole 
(see Table I) have served to confirm the safe period of bacteriostasis in these 
cases as averaging one week. In many cases, however, as in drained osteo- 
myelitis or other cases where plaster is employed, it has been found advan- 
tageous to leave the encasement or dressing on much longer (up to four 
weeks). So far, we have not had cause to regret these longer intervals in a 
single instance though the odor may, at times, become objectionable. Finally, 
the possibility of delay or impairment of function must always be kept in mind 
after three or four weeks in a fixed position particularly if for any reason a 
physiologic position has not been possible. 








*These independent laboratory experiments were obtained through the courtesy, cooperation and material 
assistance of Charles E. Frosst & Company, Montreal, Canada. 
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‘WOUND SUTURING 
I. PRIMARY. 2. DELAYED PRIMARY. 3. SECONDARY. 


1. Primary suture is only done on our early superficial wounds (within 
the first six hours), called “golden hours” by W. W. Keen,”® when the risk 
of infection is minimal though contamination be always present. (See the 
section on Bacteriology.) This decision, also, will depend upon the anatomic 
site of the wound and, again, upon its nature. Among the cases thus chosen 
for primary suture in the “golden hours” are minor lacerations in general; 
wounds of the hands and feet with tendon divulsions ; chest wounds ; wounds 
with vessel or nerve severance ; wounds of the head, face and neck where the 
circulation is particularly good, and infection uncommon. The last group 
‘must, also, be considered from the point of view of possible disfigurement 
which may occur if healing is inadequate. The reader is referred to W. H. 
Ogilvie’s** report on 5,000 cases of primary suture in which only 50 per cent 
showed good primary healing without infection. Most of these cases it should, 
also, be noted were very carefully selected. 

2. Delayed primary suture is done in most other traumatic treatment cases, 
usually after the packing treatment has been employed for one or two weeks, 
that is at the time of first or less commonly the second dressing. Up to this 
time, as a rule, wounds may be sutured without difficulty for the most part 
and, usually, without excision or freshening, as granulation is not excessive, 
and new epithelium is absent. 

3. Secondary suture implies a freshening or excision of the wound edges 
and is done for all cases in which delay is longer than two weeks, as when 
infection has been present. This practice is followed even in carbuncles. 

In all deep wounds, especially of the extremities, buttocks, etc., and involv- 
ing muscle, primary suture is not practiced regardless of the so-called “golden 
hours” and regardless of whether bacteriostatics have been used at the first 
dressing, or not. It is not sufficient argument to state that “one can get away 
with it.” 

Skin Grafting.—Just as suture has been carried out as primary, delayed 
primary, or secondary, in like manner we have employed skin grafting. Quot- 
ing Dr. John Gerrie, Plastic Surgeon at The Montreal General Hospital: 
“Primary grafting may be done in many cases of sliced or avulsed wounds 
when dirt, infection and crushing are not present in undue amounts and the 
wound is not more than six hours old. If these conditions prevail it is better 
to enclose the wound in an occlusive pressure sulfathiazole dressing and 
carry out a delayed primary graft at the end of a week or ten days. If trauma 
and infection have been more extensive and at first dressing the wound is still 
not ready for grafting, one or two occlusive pressure dressings with sulfa- 
thiazole emulsion are carried out at seven- to ten-day intervals and a secondary 
graft done when a satisfactory bed is obtained, from three weeks onward. (See 
Case B-4.) It is emphasized here that the granulations are always scraped 
down to a firm bed. Split skin grafts taken with the Padgett dermatome are 
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preferred and the thickness may be varied with the indications for weight 
bearing, texture, etc. The indications for ‘pinch’ and full-thickness grafts 
have become limited. This secondary grafting technique has been employed 
with success in open amputations when delayed or secondary suture cannot 
be done. The graft is applied as early as the third or fourth week to eliminate 
seepage from granulating areas at once and, thus, greatly shorten the con- 
valescent period. By this method of handling early mobilization of the patient 
is achieved and the usual improvement in general condition results. Complete 
take of the graft is the rule. Following healing it is sometimes unnecessary 
to perform plastic reamputation to obtain a final result for prosthesis. Should 
this be necessary, however, much time, labor and, above all, morbidity will 
have been saved in any case.” Case No. A-4, illustrates this adaptation of 
technique. This matter is referred to in greater detail in a recent article on 
“Burns” by Gerrie,** and further data is in preparation for publication. 


SIX ESSENTIAL FEATURES FOR THE SUCCESS OF THIS TECHNIQUE 


Experience by all those familiar with this method of surgical treatment 
has shown that the degree of success obtained depends upon certain essential 
factors, notably : 

Timing of Each Step in Procedure.—All other factors are subordinate 
to this from the first to last. For example, the unwisdom of attempting 
surgical operation in fresh trauma before shock and hemorrhage is controlled 
is well known. On the other hand, if operation be delayed too long the risk 
of infection is enhanced. Hence the “golden hours” or “‘safe period” are the 
essence of “timing.’’ Again, to illustrate, is the success of relatively early 
skin grafting in burns, in the third and fourth week before granulation becomes 
excessive and the patient’s general condition deteriorates. 

2. Efficient First-Aid in Emergency Cases—(a) Control of Hemorrhage: 
When a tourniquet is required it is imperative that the tourniquet be inspected 
by a doctor within half an hour. (See Blalock’s' recent publication for 
elaboration. ) 

(b) Prevention of contamination by early application of a large, sterile 
gauze dry dressing. This dressing should rarely be interfered with until the 
case has reached the surgeon who is prepared to treat it. Application of a 
sulfonamide, preferably sulfathiazole, in powder or suspension form, may be 
carried out to advantage before the dressing is applied. 

(c) Minimization of shock by alleviation of pain, protection from the ele- 
ments and gentleness in handling the patient. 

(d) Splinting of cases where necessary, with due regard to the nature of 
the injury, and due respect for the circulation of the part. 

3. Control of Shock and Hemorrhage.—Insofar as it is possible before 
definitive surgical treatment is begun. This rule does not preclude the neces- 
sity for minimal early procedures to save life, such as redressing for control 
of hemorrhage by means of ligation of large blood vessels and packing. 

Adequate Surgery Adapted to the Individual Case—(a) In fresh 


935 











GURD, ACKMAN AND SMITH eS Se 


December, 


trauma this means enlargement, exploration and thorough wound excision. 
Evidence exists that when this is done within six hours of injury there is 
minimal risk of wound infection. Under special circumstances a period con 
siderably longer than six hours may safely intervene between receipt of wound 
and operative care. Such conditions may include, among others, wounds 
received on a ship, on clean sandy beaches, and in manufacturing plants where 
infective material is absent. We believe that early adequate local application 
of sulfonamides prolongs the “safe period”’ substantially. 

(b) In all cases including infections this treatment implies provision for 
adequate wound drainage by the insertion of a snug pack of paraffin impreg 
nated gauze. There is ample evidence to show that when the pack is impreg- 
nated with an oily material, such as liquid paraffin or vaseline, the drainage 
effect becomes more efficient. To meet this requirement for curtain drainage 
and, at the same time, to give an effective degree of bacteriostasis, an oil-in- 
water emulsion of sulfathiazole was devised at the Montreal General Hospital. 
The formula for this is given elsewhere, while details of its preparation and 
clinical application have already been reported in the literature. 

5. Immobilization of the part by plaster of paris, starch bandages, or 
“pressure dressings’: In our experience it does not matter that “closed 
plaster” dressings be unpadded with this technique. On the contrary, we 
have found that a bulky dressing or padding under the plaster may be advan- 
tageous, providing the latter is applied with moderate pressure and, especially, 
if the bulky dressing is made semi-elastic, as by cotton waste. This dressing 
absorbs considerable exudate and continuous pressure is maintained throughout. 

6. Timing of Dressing —The timing of change of dressing is most impor- 
tant. It will depend upon a number of things. Fundamentally, it is as infre- 
quent as possible or necessary. In explanation of this statement one must 
consider all the reasons for the ordinary change of dressing. They may be 
listed as follows: 

(a) Because of healing that has already taken place, as in superficial burns 
im six or seven days.”' 

(b) Because healing has taken place and prolongation of fixation may 
cause delay of functional recovery, as in tendon sutures, etc. (See Case 
No. A-3.) 

(c) Because prolonged fixation is conducive to healing, as in fractures. 
(See Case No. A-3.) 

(d) Because exudate or hemorrhage is excessive and wound toilet is indi- 
cated, as in large trauma. (See Case No. A-4.) 

(e) Because bacteriostasis is exhausted by excessive slough, necrosis or 
exudate and renewal of the bacteriostatic agent is required, as in large infected 
areas or abscesses. The inhibitory effect of necrotic tissue and exudate on 
the bacteriostatic action of sulfonamides has been emphasized by such workers 
as Holder and MacKay,** and Strakosch and Clark.4® These workers have 
demonstrated that when urea (carbamide) is added to the sulfonamides it 
effects some increase in the rate of necrosis of sloughing time. This, in turn, 
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prolongs the bacteriostatic effectiveness of the sulfonamide. Urea would thus 
appear to be a useiul adjunct in extensive sloughing wounds. It must, how- 
ever, be recalled that it does inhibit epithelization and, also, causes overgrowth 
of granulation tissue. Therefore, its use should be discontinued once the 
slough has separated. We have had no personal experience with the use of 
urea in our dressings. 
REDRESSING—IN THE NORMAL COURSE OF EVENTS 

When one surveys the reasons for ordinary redressing, it becomes apparent 
that the “timing” will vary somewhat with different types of cases and even 
with different cases of the same type. The experienced surgeon will, there- 
fore, make his own decision in the individual case. The “end-point” of the 
individual dressing has been a consideration of prime importance in this work. 
In each case all of the above mentioned clinical factors are taken into con- 
sideration before reaching a decision. In addition, when splinting is not 
essential the authors have been influenced by the tissue concentrations of 
sulfathiazole and by the results of daily bacterial counts on the exudate, to 
change the bacteriostatic medium at approximately weekly intervals. It may 
be of interest to add that this same weekly procedure is regularly carried out 
on all surgical cases in the Out-Patient Department. The accompanying 
Operational Chart is offered as a guide to the procedure, to be interpreted by 
the reader as such, and not as a rigid standardized set of rules. It is hoped 
that it will be of use in this way, not only to the experienced surgeon but to 
the intern and nursing attendants less familiar with the technique of Closed 
or Occlusive Infrequent Dressings. 


INDICATIONS FOR EMERGENT CHANGE OF DRESSING 

Remarks on this subject may be prefaced by the comment that such indica- 
tions are almost certain never to occur providing adequate surgery has been 
performed and when due regard has been given to all the other factors neces- 
sary for the success of the treatment. 

The actual indications for changing the dressing and investigating the 
wound may be listed as follows: 1. Persistence of pain. 2. Persistence of 
edema. 3. Persistence or development of fever. 4. Development of circula- 
tion difficulty. 

It is a fact that in all our cases during the past two years we have only 
encofintered trouble in two cases, and in both instances it resulted from 
inadequate surgery following an error in diagnosis. These failures were, 
therefore, due to the human factor, and not the technique. In both instances 
proper surgical measures, promptly taken, gave relief and. permitted continua- 
tion of the original treatment with no. untoward final result. One of the 


cases 1s given in some detail. (See Case No. B-3.) 





THE VALUE OF CHEMOTHERAPY 
ae 
THE ROLE OF SULFONAMIDES AND OTHER BACTERIOSTATIC AGENTS 
Chemotherapy in wound treatment is not new. Rather it is very ancient. 
Without historic reference in detail, one has only to recall Lister’s*! 
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technique to appreciate the importance attached, throughout medical history, 
to some local method of destroying bacteria and controlling infection. B. PP. 
and its progeny, Z.I.P.P. and Z.1.S.P., and certain analines, are the more im- 
portant contributions in this field. The local use of sulfonamides has more 
recently opened a new avenue of thought along this line and has probably 
done more to stimulate general interest in the subject than any preceding 
agent. In 1941, as previously stated, an oil-in-water emulsion of sulfathiazole 
was developed at The Montreal General Hospital (see formula) and first 
applied clinically to the closed plaster technique by one of the authors, Ack- 
man." * The wide subsequent use of this vehicle for sulfonamide therapy at 
the hospital, and elsewhere, since that date, has proven its value. Not only 
is it an excellent medium for local sulfonamide administration but it, also, has 
the additional advantage of providing a reservoir of the sulfonamide in the 
pack in contact with the wound surface. This results in a more prolonged 
delivery for the bacteriostatic agent than when used in powder or crystalline 
form or in aqueous suspension. At the same time, the oily medium provides 
the type of “curtain drainage” which is required for the open treatment of 
wounds under closed plaster or other occlusive dressing. It is not intended 
te give all the details of our experience with the emulsion at this time. The 
reader is referred to the original papers on the subject in the current litera- 
ture. It is considered advisable, however, to restate certain facts regarding 
the emulsion. 

1. An oil-in-water emulsion was chosen as vehicle for the reasons above 
stated and because, since the sulfathiazole is known to be in the water phase, it 
is readily deliverable to the local tissues. 

2. Sulfathiazole was chosen because of all the sulfonamides used, it has 
the greatest bacteriostatic effect, and is the most efficient against the 
Staphylococcus pyogenes.® Compared with sulfadiazene it is much more 
soluble in serum and, therefore, more readily absorbed. It is, also, much more 
readily excreted. Again, by comparison, sulfanilamide, being much more 
soluble, is too rapidly absorbed to allow for the prolonged and relatively high 
local tissue concentrations from sulfathiazole. For the same reason, there 
will be risk of too high blood concentrations with sulfanilamide. 

3. Because of the presence of triethanolamine in the emulsion, a very much 
higher percentage of sulfathiazole is in true molecular solution than when the 
crystals are merely suspended in water or serum. To be explicit, about 26 per 
cent of the sulfathiazole is in molecular solution which is about 800 times the 
solubility of this material in water at the same temperature. 

4. The pu of the emulsion in the pack ranges from 7.6-8.6, which is satis- 
factory from a wound-healing and bacteriostatic viewpoint. 

5. The local tissue concentrations have been estimated from excised tissue 
and found to be sufficiently high to maintain efficient bacteriostasis. The 
technique used is essentially that described by Reed and Orr.*® These concen- 
trations (Table I) afford an efficient degree of local bacteriostasis for at least 
a week and probably for a slightly longer period. The period during which 
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the tissues of the wound are most vulnerable to pyogenic invasion is thus well 
covered. Moreover, renewal of the emulsion pack and dressing reestablishes 
the protection. 

6. This bacteriostatic effect has been confirmed by daily bacterial counts 
from the wound-pack and serum, as well as by critical clinical observation. 

7. In spite of the high local tissue concentrations of sulfathiazole, the level 
of this chemical in the blood has never in a single case been found to be higher 
than 3.5 mg. %—even when as much as 15 ounces of the emulsion has been 
used in packing a large wound, such as open amputation of the thigh or in 
the dressing of a 50 per cent burn. The usual or average blood level is much 
lower than 3.5, and the reports regularly show only a trace in the blood when 
large amounts of the emulsion are used (Table IT). 


II 


BLOOD LEVELS OF SULFATHIAZOLE IN LOCAL TISSUES TREATED WITH THE M. G. 


TABLE 








H. EMULSION 


Dressings Not Changed 


Clinical Cases M. G. H. Laboratory Independent Laboratory* 

1 hour....... meeps Cae seme caren aaa .... Total 3.5 mg. per cent 

PES 5 oie nic ois Sa ke ORR ARR Se ae oe" SS me perce he 

A eee pe mee ee ee eer ee ee ds 3.0 me. percemt oo - i resessece 
I aor, ence vals ewes Nees nee os 6 ome Der eee —“i‘“ ‘( OC hae 
SK Gh a Daas nes we 62S eRe ee eae OEE WES S Oe Nonetotraceonly = = ..eee- 








Laboratory Animals M. G. H. Laboratory Independent Laboratory* 


RO Sa rci eU ae betas eGuc caus Oeueca a4 eure 12.1 mg. per cent 
PEG = GoeeeeerinaeNeaeibedievecasersvae j§§  weece 7.6 mg. per cent 
Pee res Mia's Ac oc ee be Oi eeleeers.s pied (ll SS 3.5 mg. per cent 
REMNN eis hoo 5G eMak wales Se wives sale ale ‘ 1.5 mg. per cent 
PRTC Make acts tieGwresencek! |. "diay Trace only 
SN ea iors sacra ais 8 Sh eae Dias ea a Sem 2 (@csunkes None 





8. No single instance of either toxic blood, hepatic or other serious reac- 
tion has occurred in several hundred cases. 

9. No single instance of renal complication has occurred from this local 
therapy. 

10. With regard to hypersensitivity skin rashes, we have this to say. The 
total number of cases with a general rash is twelve in several hundred, and the 
local rashes have been about the same in number. It should be noted that in 
over 150 burns so treated, this local reaction has only occurred once. In this 
instance it can be emphasized that the case was not treated by the “pressure 
dressing” technique we have advocated but received rather casual treatment 
with change of dressing every day or two for five weeks in the Out-Patient 
Department. This hypersensitivity may be preexistent (three cases) without 
previously known sulfonamide treatment or it may be acquired after periods 
of treatment varying from 1-12 weeks. The hypersensitivity is now known 
to persist for months at least but, in at least two cases, has disappeared after a 
year. When it does occur, it is specific for the sulfathiazole, and any other 
sulfonamide may be satisfactorily substituted in the emulsion. These rashes 
may be uncomfortable at times and even occasionally annoying to the patient 





*These independent laboratory experiments were obtained through the courtesy, cooperation and material 
assistance of Charles E. Frosst & Company, Montreal, Canada. 
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and surgeon but they have never been accompanied by any serious toxic effect 
and only occasionally by febrile reaction. 

11. Clinically, we are satisfied that no safe oral administration of the drug 
can produce as good local bacteriostasis.” When used orally the amount given 
the patient is limited by the safe blood level. - The resulting local tissue or 
burn bleb level cannot become higher than the blood level. The level thus 
obtained from oral administration can never compete locally with the levels 
obtained from direct topical application. 

12. The stability of the emulsion in containers has been tested at tempera- 
tures ranging from plus 120° F. down to minus 97° F. and has been found to 
be satisfactorily maintained. 

SCOPE OF TREATMENT 
TYPE OF CASE, WITH ILLUSTRATIVE CASE REPORTS 


A. Fresh Trauma—-Contaminated, or Potentially Contaminated : 
(1) Extensive lacerations or avulsion injuries. 
(2) Tendon or nerve divulsions. 
(3) Compound fractures and fracture-dislocations. 
(4) Open amputations or reamputations. 
(5) Burns and donor areas. 
(6) Crushed-hand or foot. 
b. Preexisting Infections : 
(1) Osteomyelitis. 
(2) Large soft tissue abscesses. 
(3) Infections of the extremities (palmar abscesses ). 
(4) Acute or chronic surface ulcers, such as ulecus cruris and ulcus 
decubitis. 
(5) Carbuncles. 
(6) Abdominal and thoracic abscesses. 


ILLUSTRATIVE CASE REPORTS 
Case A-3—A.—Severe compound fractures—both bones of the left forearm. Service 
of Dr. George D. Little: A.D. suffered a severe compound fracture of the left forearm 
from a machine accident, and was admitted within one hour of the accident (Fig. 1). 
Circulation and nerve function were intact. Shock and hemorrhage were shortly con- 
trolled, allowing operation to be carried out within two hours of admission. The wound 





PLATE | 


Case A-3. Compound Fracture of Both Bones of Forearm 
A. Preoperative state. 
B.. Three months after accident. Encasement discarded and function commenced. 


Case B-4. Chronic Leg Ulcer (Micro-aerophilic Streptococcus ) 
C. Condition on admission to hospital. 
D. Eight days after admission with pressure dressing. At this point redressed with 
elastoplast compression dressing and mobilized. 
E. Twenty days later dressing changed. 
F. Dressing removed at 48 days from the time of admission to hospital. Advised 
to wear elastic stockings. 
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required considerable muscle debridement. Reduction of the fractures was retained with- 
out mechanical fixation because the sharp ends of the bones caught. After packing gauze 
impregnated with sulfathiazole emulsion, a padded plaster of paris encasement was 
applied, including arm, forearm and hand. Postoperative course was uneventful. The 


first change of dressing was done at six weeks (Fig. 2), when a secondary suture was 
carried out. Roentgenograms showed no evident bone disease. 

At two months, the wound was healed: but continued arm fixation in plaster was 
necessary as bony union was incomplete. At three months, function has been com- 
menced without occlusive dressing. This is the condition at the present time. There 
is no nerve partial paralysis but muscular weakness is still marked and requires physio- 
therapy. 

Case A-3—B.—Compound dislocation of elbow—M.G.H. No. 2829-42: J.O., female, 
aged 46, suffered a severe compound dislocation of the left elbow, without fracture. The 
patient was admitted by ambulance, the arm having been wrapped in a clean towel and 
bandaged. The circulation and sensation of the hand and forearm were intact. Shock 
was moderate and quickly controlled by plasma, as bleeding had been minimal. The 
dressing was not disturbed until the patient reached the operating room, less than three 
hours after the accident. Under anesthesia, examination showed that the joint had been 
The lower end of the humerus protruded from a large wound on 


completely distracted. 
The wound was treated by the technique described 


the external surface of the arm. 
herein, considerable excision being necessary as much muscle had been destroyed. When 
the dislocation was reduced, the capsule of the joint was approximated with a few inter- 
rupted catgut sutures which did not completely close it. The wound was packed and the 
skin edges approximated. Over the packing a large dressing and cotton waste padding 
was placed. A plaster shoulder cap was applied, including forearm and hand. The 
patient left the hospital five days later. 

The first change of dressing was done three weeks after operation, when repacking 
was carried out. Six weeks after the injury the second dressing was done, all packing 
removed and a secondary suture carried out. Again, plaster was applied, this time, also, 
for three weeks. On its removal, two months after injury, joint movement was com- 
menced. At three months, the wound was completely healed and movement of the elbow 
was as follows: Flexion 75% restored; extension 90% restored; pronation and suppina- 
tion almost normal. At four months, 90% function was present in a painless non- 


edematous arm. 


Case A-4.—Severe crush injury of whole thigh and Jeg requiring amputation. 
J.I., age 50, suffered a machine injury which laid open the inner side of his left thigh 
and leg from the femoral triangle down to the calf. The adductor and other muscles, as 
well as the femoral vessels and nerve, were severed and crushed in the lower third of 
thigh. On admission, a very efficient large first-aid dressing covered the leg, thigh and 
hip. A tourniquet had not been necessary as the crushed vessels thrombosed at once. 
Oozing, however, had been considerable. To combat shock-hemorrhage continuous 
transfusions of fresh blood were required, 5,000 cc. being given in the first 48 hours. 





PiaTE II] 


Case A-4.—Severe Avulsion Injury of Thigh and Leg. 
A. Preoperative state. 
B. Amputation stump after nine days. Encasement off and packing removed. 
C. Stump granulations on 25th day after amputation. Ready for grafting. 
D. First dressing of graft after 14 days, showing almost complete take. 
Case B-4.—Chronic Leg Ulcer. 
E. Preoperative state. 
F. Completed graft after 14 days; and 35 days after first operation. 
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Oxygen and other emergency measures, as on the chart, were carried out. Six hours 
after the accident it was considered necessary to inspect the wound in view of the 
absence of leg circulation. Cyclopropane permitted only a momentary inspection and 
ligation of the large vessels. (On ligation, venous bleeding occurred at the knee via 
profunda femoris). No other surgery was possible as the patient’s condition became 
very grave. A large sulfathiazole emulsion pack was quickly sutured in place and a 
padded plaster applied. On recovery, 1500 units of A. T. S. and 40,000 of antigas serum 
were given. After 48 hours of further successful antishock hemorrhage treatment it was 
apparent that leg circulation below the knee had ceased and that amputation was neces- 
sary. His general condition was excellent by now. Open amputation was carried out 
through the lower third of the femur, leaving such flaps as were possible, long on the 
lateral side and very short on the medial surface of the thigh. A considerable portion of 
the adductor muscle group was excised. The very large open stump was first flushed 
with a 5% suspension of sulfathiazole microcrystals, then packed with sulfathiazole 
‘emulsion gauze, and a pressure dressing with plaster applied to the hip only. Post- 
operative recovery was entirely uneventful, only occasional transfusion being given 
during the next few days. No evidence of general sepsis occurred and on the ninth 
day the dressing was changed, under anesthesia. Some further slough was removed 
and the same plaster dressing was reapplied. Further dressings were done on the 
nineteenth and twenty-eighth days with plaster. On the thirty-sixth day, the open 
wound granulations were removed and split-skin dermatome grafts applied by Dr. J. W. 
Gerrie, and the stump enclosed in a “pressure dressing.” On the fiftieth day, this was 
removed and a 99% “take” found, the wound being practically healed. A small skin 
graft was used to cover the remaining bare area. The whole wound was healed on the 
seventieth day, when an elastocrepe bandage was first used in preparation for an artificial 


limb. 


Case No. B-1.—-Acute osteomyelitis—M.G.H. No. 4618-42: A.S., female, aged 13, 
was admitted in extremis, three weeks after a minor superficial infection in the right leg, 
with all evidence of acute osteomyelitis in the proximal end of the left humerus and with 
staphylococcal septicemia. She was comatose and her condition was considered very 
grave. Operation was delayed until 24 hours after admission, during which time 
staphylococcus antitoxin and sulfathiazole were given intravenously with excellent effect. 
The periosteum over the upper end of the humerus was found to be elevated by pus. 
The shaft was drilled and similar pus obtained. The wound was treated by the technique 
described herein and a plaster shoulder cap applied including the forearm but not the 
hand. Postoperatively, the patient’s general condition promptly and decidedly improved, 
and blood cultures became completely negative on the day after operation. The first 
redressing was done at three weeks, and roentgenograms showed extensive involvement 
of the humeral shaft but a normal shoulder joint. Subsequent redressings were carried 
out at monthly intervals for four months when, on roentgenologic examination, two 
sequestra were found and removed. Local occlusive dressings fortnightly with elastoplast 
have since been entirely satisfactory. Six months after the original admission there is 
only a small draining sinus at the site of the original incision and function of the arm 
is being restored. Roentgenologic examination is satisfactory and the shoulder joint 
has never been involved. 


Case B-3.—Infections of extremities (thenar and web space infection) —M.G.H. No. 
6465-42: A.K., male, age 15, was admitted with a swollen hand resulting from an infec- 
tion of the web space between forefinger and midfinger in consequence of an infected 
blister. There were no definite signs of infection of the palmar or thenar space. The 
web space was incised and considerable pus evacuated. It was packed open and the whole 
hand immobilized in padded plaster. The case presents the following point of special 
interest. Contrary to the rule, the fever did not subside and the patient complained of 
increasing pain in the hand. Following the rules, the encasement was then removed 
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after 48 hours, when a well-developed thenar space abscess was found. It was incised 
and packed. The padded encasement was reapplied. The patient’s temperature promptly 
dropped to normal overnight and the further progress was uneventful. As is customary 
in this type of case, he was allowed up at once and left the hospital on the third post- 
operative day. The dressing was changed and the pack removed on the tenth post- 
operative day. Only one redressing with plaster, for a further period of two weeks, was 
necessary to complete healing. Functional recovery ensued. 


Cases B-4.—Chronic leg ulcer (vascular) : B.G., male, age 72, was admitted with a 
chronic leg ulcer of five years’ duration which had received little or no treatment. During 
the last six months, it had extended considerably and when seen the whole lower third of 
the leg on its anterior half was deeply ulcerated with necrosis of the exposed tibialis 
anticus tendon and muscle belly. At operation, all slough was excised and the wound 
treated as described herein. A padded plaster was applied from toes to midthigh. 

At three weeks, the dressing was changed and granulations found to be healthy. 
The granulations were scraped off and a split-skin dermatome graft applied by Dr. John 
Gerrie. A large “pressure dressing” was applied. This was removed at ten days, 
revealing a 100% take. Subsequently no dressings were applied but elastoplast used to 
control some persistent leg and foot edema, on walking. Four weeks later this was 
discontinued. Check-up, after six months, shows a good result. 

A second chronic leg ulcer in V. C. a female age 52, had no vascular pathology but 
revealed a microaerophilic streptococcus (Meleney) on culture. This had recurred 
intermittently for fifteen years and had been currently chronic for two years. She had 
a compression dressing with sulfathiazole emulsion applied for nine days in bed. She 
was then mobilized with a somewhat thinner pressure dressing covered with an elastoplast 
bandage. These dressings were renewed at appropriate intervals until healed on the 
48th day. At one year later there has been no recurrence. 


Case B-5.—Carbuncle on back: J.P. A large carbuncle situated in the interscapular 
region of the back, in a nondiabetic, was treated by crucial incision and excision. The 
wound was packed and an occlusive elastoplast adhesive dressing applied. It was re- 
dressed on the sixth and twelfth days. On the eighteenth day all packing was removed 
and, on the twenty-first day, excision and secondary suture were carried out. All dress- 
ings were removed on the thirtieth day, the wound being healed. Identical results have 
been obtained in diabetic patients using insulin to obtain and maintain control from the 
outset. 
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CONTINUOUS CAUDAL ANALGESIA IN SURGERY* 
James L. Soutawortu, M.D., AND Rospert A. Hineson, M.D. 
StapieTon, N. Y. 

FROM THE UNITED STATES PUBLIC HEALTH SERVICE, MARINE HOSPITAL, STAPLETON, STATEN ISLAND, N. Y. 


On OcToseER 10, 1941, continuous caudal analgesia was first applied 
clinically, being used to relieve pain for an operation upon the lower extremity. 
During the next two months it was used for ten other patients and the lessons 
learned were applied to obstetrics.’ * Since then numerous patients have been 
given this form of analgesia for all types of operations upon the trunk and 
lower extremities and for the relief of pain in labor and delivery.*)**°® It 
is the purpose of this paper to describe in detail the fundamental aspects of 
the method as applied to surgery, to outline improved technics of administra- 
tion, to cite certain therapeutic applications, and to bring up to date the results 
of our experience with the method. 

Jecause continuous caudal analgesia is safe and controllable in both extent 
and duration of effect, we believe that it has extended the field of regional 
anesthesia and, thus, indirectly extended the field of surgery. To understand 
the application of this new principle, it is necessary to review the anatomy 
involved, and since caudal analgesia is a form of epidural anesthesia, a con- 


sideration of the epidural space is in order. 
The epidural space is that portion of the vertebral canal not occupied by 


the dura and its contents. Superiorly it ends at the foramen magnum where 
the dura mater divides into two layers, one becoming the endosteum of the 
skull and the other the pachymeninx over the brain. ‘ Within the canal the 
dura lies in close apposition to the periosteum of the posterior aspects of the 
bodies of the vertebrae, and laterally it extends with each nerve root. Pos- 
teriorly it has no connections. As the nerve trunks emerge from the inter- 
vertebral foramina, a curtain is formed over the opening by connective tissue 
fibers arising from the intervertebral ligaments and fusing with the epineurium. 
Occasionally we have noted, in dissecting these epidural spaces, that a median 
fenestrated fibrous raphe is produced by prolongation of the dura along the 
minute nerve fibers extending upward between the spines and to the periosteum 
of the vertebral arches. In one instance we found clinical evidence of adher- 
ence of the dura to the promontory of the sacrum. 

Thus, the dural sac with its contents of spinal cord and cerebrospinal fluid 
almost completely fills the vertebral canal, allowing only three to six milli- 
meters between the ligaments and the sac itself. Approximately nine-tenths 
of the space lies lateral and posterior to the dura and is filled with adipose 
tissue in a solid and semisolid state and with a rich plexus of blood vessels 
consisting of the veins of the internal vertebral plexus. 





* Published with permission of the Surgeon General of the United States Public 
Health Service. 
Submitted for publication October 20, 1943. 


945 





SOUTHWORTH AND HINGSON Cease ts 
ecember, 19 43 


There are fifty-eight lateral openings into the epidural space ; namely, eight 
anterior and posterior sacral foramina, ten lumbar intervertebral foramina, 
twenty-four thoracic intervertebral foramina, fourteen cervical intervertebral 


foramina, and the two grooves between the atlas and the occiput. Inferiorly 
the sacral hiatus opens into the peridural space. 

Through each of the lateral openings there emerges a spinal nerve. The 
efferent and afferent roots arise separately and segmentally from the spinal 


Fic. 1.—Palpation of the sacral hiatus by means of placing the tip of middle finger 
of left hand on coccyx with thumb falling into depression indicating sacral hiatus. 


cord and run laterally and inferiorly until they unite at the intervertebral 
foramen. The formed spinal nerve divides shortly after its formation into 
anterior and posterior primary rami which supply the body more or less seg- 
mentally. The anterior ramus of each nerve receives connections from the 
sympathetic trunk. The roots and formed spinal nerves are comparatively 
small in the thoracic area and are large in the lumbar and cervical segments. 
The epineurium of each nerve blends with the dura which has extended with 
the root. The sympathetic fibers are fine and nonmyelinated. 

Inferiorly the sacral prolongation of the epidural space is the sacral canal. 
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In the normal subject the dura ends within the canal between the bodies of 
the 1st and 2d sacral vertebrae. In sixteen subjects we have found clinically 
that the dura extends below this level so that the subarachnoid space may be 
entered with the usual caudal needle. The canal varies in length from three to 
four inches. Its direction is that of the sacrum, the axis of which is more 
sharply curved in the female than in the male. It contains the following struc- 
tures: The sacral and coccygeal nerves and dorsal root ganglia; the lower 
end of the dural sac; loose areolar tissue; solidified and partially liquid fat ; 
and lymphatic and blood vessels, the latter consisting mostly of veins repre- 
senting the lower end of the internal vertebral plexus. These veins are large 
and thin-walled and are most numerous anteriorly and laterally along the 
posterior aspects of the bodies of the fused sacral vertebrae. For this reason, 
in caudal puncture an effort is made to direct the needle along the roof or 
posterior wall of the sacral canal in order to avoid venipuncture. In anomalous 
sacra, bony protuberances may extend into the canal, causing a needle in this 
region to traverse a devious course. 

The epidural space ends inferiorly at the sacral hiatus. This is an oblique 
opening formed by failure of fusion of the 5th and sometimes 4th sacral 
vertebral lamina. It lies about two inches above the tip of the coccyx, usually 
in the midline, and in about go per cent of subjects, directly beneath the 
superior limit of the intergluteal crease of skin. It must be pointed out how- 
ever that the gluteal cleft may deviate with the position of the patient, and it, 
therefore, serves only as a general guide to the location of the hiatus. For 
inserting the needle only bony landmarks are to be relied upon. 

The plane of the hiatus is oblique. It is bounded above by the fused lamina 
of the 3d or 4th sacral vertebra, the arch of which supports a sacral spinous 
process. Inferiorly it is bounded by the posterior surface of the body of the 
5th sacral vertebra. Laterally the margins are formed by the edges of the 
deficient lamina of the 5th and sometimes 4th sacral vertebrae. At the inferior 
portions of the lateral boundaries, two bony prominences, one on each side, 
are present. These form the sacral cornua which are valuable topographic 
landmarks. The hiatus is closed by a fibrous expansion one to three milli- 
meters thick, the superficial posterior sacrococcygeal ligament (of Cathelin) 
which transmits the primary rami of the coccygeal and 5th sacral nerves, and 
the filum terminale. It is also covered by skin and subcutaneous fat in addi- 
tion to the fibrous ligament. The thickness of the fat layer is variable, being 
greater in the obese and in women. This is of considerable practical impor- 
tance as thicker layers of fat interfere with palpation of bony structures and 
sometimes make successful caudal injection difficult or impossible. 

The sacral hiatus, therefore, lies at a level superior to the sacrococcygeal 
junction, and it is well to determine the lower limits of the sacrum in each 
patient before attempting caudal analgesia. This simple precaution will pre- 
vent inadvertent insertion of a needle into the rectum. 

In about ten per cent of subjects the hiatus is clinically anomalous. These 
anomalies may be of location, of extent, or of the related structures. The 
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shape of this opening is triangular, the apex of the triangle being superior. 
The apical angle varies from 20 to 60 degrees and its extent is determined by 
the width of the hiatus. Due to failure of fusion of the 3d, and perhaps higher, 
sacral laminae, in addition to the 4th or 5th, the hiatus may extend a greater 
distance upward. In some instances it may be placed entirely at a high level, 
so that the floor is formed by the body of the 2d or 3d sacral vertebra rather 


than the 4th or 5th. Due to intermittent failure of fusion, additional openings 


Fic. 2.—Raising skin wheal immediately below sacral hiatus. 


into the sacral canal may exist together with a more or less normally placed 
hiatus. In some sacra no roof is present over the canal, in which case the 


hiatus may be said to extend from the usual location to the beginning of the 
lumbar epidural space. Bony overgrowths of adjacent structures may entirely 
obscure the hiatus, a flattened 4th sacral spinous process being the common 


offender. 
The practical importance of these facts is evident. A knowledge of the 
variations of the sacral hiatus is necessary in order to introduce a needle into 


948 





. ee | 7 . 7 


MOojeq PUP yl 
SOpPNjoul ‘22 OO 


MO|eg PUD 9] 
SOPNjoul *32 OS 


MOeg PUPS SL 
SOPNjoul ‘22 Ov 


Mojeg PUP [| 1 
Sepnjoul "22 OF 


MOjeg PUD Z 7 
SOpNjoul “22 CZ 


MO|2g PUD CJ 
SOPNjoul *22 OZ 


MOjeg puD ES 
sapnjoul “22 O| 


























id 


worse 
s.0’ 


et? *eee 





ESSERE” SPEIRS RR RFT ca tr em OR RRR Ne 

















Volume 118 CAUDAL ANALGESIA IN SURGERY 


Number 6 
the sacral canal of all subjects. Lack of this knowledge is an obstacle to the 
beginner and is the cause of early failures. 

From a consideration of the structure of the epidural space as described, 
it can be visualized that an anesthetic solution spreads posteriorly up into the 
space and at the same time extends laterally through the sacral and inter- 
vertebral foramina. It first affects the posterior roots by reason of their 
proximity but soon spreads to the united roots to produce motor effects. The 
autonomic is readily anesthetized because of the small caliber of its Abers and 
the absence of a myelin sheath. Because of the fibrous curtain over the inter- 
vertebral foramina, fluid injected into the epidural space must infiltrate into 
the nerve roots or pass through the connective tissue network into the para- 
vertebral spaces in order to produce effects. 

With continuous caudal analgesia, as with other forms of regional anes- 
thesia, minimal changes in vital functions occur. However, certain physiologic 
aspects require mention. 

Loss of sensation under the influence of caudal analgesia occurs much 


slower than under spinal anesthesia. Shortly after administration of the 


initial dose of anesthetic solution by the caudal route, loss of sensation can be 
noted on the buttocks about the sacral hiatus. As the sacral and lumbar nerves 
are successively affected, loss of sensation proceeds over the buttocks, up over 
the sacrum, and anteriorly over the perineum to the abdominal wall. At the 
end of five minutes it is possible to demonstrate saddle analgesia from an 
initial dose of 30 cc. of 1.5 per cent metycaine solution. The appearance of 
saddle analgesia, or bilateral sensation loss, inferior to the hub of the caudal 
needle is a valid indication that the needle is situated within the sacral canal. 
If such sensation loss is present after five minutes with the dose described, the 
needle is within the sacral canal ; if such loss is absent, the needle is not within 
the canal. The extent of saddle analgesia that follows an initial dose of 30 cc. 
of 1.5 per cent metycaine is a valuable guide to individual response to caudal 
analgesia. 

Within ten minutes after administration of a dose of metycaine as 
described, there is usually analgesia of the scrotal or vulval area, and at the 
end of thirty minutes the level of efiect has reached its maximum height which 
is to the umbilicus (10th thoracic segment) in the average subject. The 
height to which such a dose may rise is subject to individual variation. The 
maximum is to the xiphoid and the minimum to the symphysis pubis. 

Dissociation of loss of sensation oecurs with this form of analgesia. The 
sensation of intrinsic pain is first to be obliterated, and this is followed shortly 
by loss of appreciation of extrinsic pain. As the effect of the drug proceeds, 
there is loss of sensation of touch and loss of appreciation of temperature. 
One can map out areas in which loss of sensation to extrinsic pain is obtained 
hut in which touch can still be appreciated as analgesia progresses. This touch 
perception is graded from grosser to finer forms. Loss of pain sensation is 
present to three segments higher than loss of touch when the maximum level 
lor a given dose has been reached. For surgical procedures, it is necessary to 
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make sure that the field is anesthetized to the extent that touch can no longer 
be appreciated. While some patients will permit operation in a field in which 
touch can be felt, most prefer to feel nothing. 

Motor roots are affected shortly after sensory roots by anesthetic solutions 
in the epidural space. With large doses of solution, motor effects are pro- 
duced more rapidly and are more profound than with small doses. It is be- 
lieved that the solution diffuses through the intervertebral foramina, affecting 
the sensory roots first but soon producing motor effects by penetration of the 
motor root or formed nerve. 


a 





Fic. 3.—Infiltration with fascia needle down to ligament with anesthetic solution. 

It is quite possible to produce satisfactory surgical analgesia and, at the 
same time, retain a certain amount of motor control. The use of continuous 
caudal block in surgery has demonstrated that motor nerve paralysis is unneces- 
sary for production of muscular relaxation. If sensation, indeed, if pain 
perception alone, is interrupted to the muscles of the abdominal wall, for ex- 
ample, adequate relaxation follows. Therefore, relaxation obtained from 
caudal block is always excellent when adequate levels of sensation loss are 
produced. Relaxation so produced constitutes one of the principal advantages 
of caudal block as a surgical anesthetic. Thus, continuous caudal analgesia is 
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especially valuable for the seriously ill patient, providing widespread muscular 
relaxation yet maintaining the inherent safety of a nerve block procedure. 

The question of intestinal tonus is of interest to surgeons when considering 
an anesthetic method. Because it reaches only the sympathetic supply to the 
gastro-intestinal tract, caudal block produces increased intestinal tonus in the 
abserice of irritative or obstructive lesions of the bowel. In the presence of 
irritation or obstruction, intestinal activity and tone is similar to that noted 
with spinal anesthesia. In elective or interval operations, the intestines lie 
quietly in the abdominal cavity so that operative procedures are facilitated. 

Respiration is not affected by high caudal block. With solutions of cus- 
tomary strength, such as 1.5 per cent metycaine, one obtains surgical analgesia 
in the upper thoracic segments without evidence of intercostal paralysis. It 
seems that as anesthetic solutions are forced higher into the epidural space 
they tend to produce sensory effects without motor paralysis, due perhaps to 
dilution of the anesthetic solution. Patients have been observed with anes- 
thesia of the entire distribution of the ulnar nerve from high caudal block 
with no effect on the diaphragm. 

The effect of caudal block on blood pressure depends on three factors, 
namely, rate of absorption of the drug; rapidity of extension of sympathetic 
nerve paralysis; and final height of effect. 

In the average subject in whom low caudal block is employed, as in ob- 
stetrics, blood pressure effects are minimal. The rate of absorption is low, 
and high levels with extensive sympathetic paralysis are not produced. Ifa 
vein is pierced at the beginning of the procedure, some of the solution may 
be forced into the general circulation so that blood pressure falls. If large 
coses are employed after a bloody tap, increased amounts of solution may be 
absorbed, with marked fall in blood pressure and other toxic phenomena. 
Thus, it is important in poor risk patients and in cesarean section to avoid a 
bloody tap when administering caudal block. 

Fall in blood pressure may also be produced by sympathetic nerve paralysis 
alone. In low caudal block the extent of sympathetic effect is insufficient to 
produce marked change. If a high level of analgesia is produced rapidly, 
compensating factors which help regulate arterial tension may be overcome 
so that a marked and precipitous fall occurs. With careful technic and with 
regulation of rapidity of rise of analgesic level, it is possible to produce anal- 
gesia in the 1st thoracic segment without change in blood pressure. 

Fall in blood pressure as produced by caudal block, when absorption of 
drug is not a factor, does not represent the same physiologic change as a 
similar fall produced by spinal anesthesia. Marked lowering of arterial ten- 
sion from spinal anesthesia is usually accompanied by evidence of shock and 
anoxia. Such is not the case with caudal block. We have observed that blood 
pressure may fall so low as to be unobtainable with a sphygmomanometer with- 
out signs of cardiac embarrassment, changes in skin humidity, or changes in 
the color of the blood. In this circumstance the patient falls asleep but suffers 
no ill effects. The pressure responds readily to the common vasoconstrictive 
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drugs, and it is our practice to administer 3¢ gr. of ephedrine sulfate when 
such falls occur. 

Reduction of arterial tension regularly occurs in the hypertensive patient 
under caudal block. The amount of fall depends upon the number of sympa- 
thetic segments paralyzed; maximum falls are produced only when the level 
of analgesia has reached the 4th thoracic segment. Kate of fall is determined 
by the speed with which the analgesia extends. In a series of hypertensive 
cases, precipitous falls in pressure were not attended by signs of cerebral 
anoxia or other changes of any kind in the condition of the patient. In the 
operating room hypertensive patients have suffered no ill effects from rapid 


changes in arterial pressure. 


Fic. 4.—Insertion of special malleable caudal needle at about 45° angle with longi 
tudinal axis of the body. 


The effect of caudal block on the pressure of patients with hypotension 1s 
not significant when absorption of the drug is not a factor. If too rapid 
absorption occurs, toxic effects associated with blood pressure fall may be 
produced in both the hypo- and hypertensive as well as in the normal. 

The condition of the cardiovascular system has been carefully observed in 
patients with both normal and diseased hearts under the influence of caudal 
block. Neither ordinary clinical observations nor the electrocardiograph has 
revealed significant changes. 

Age has an important influence on dosage in caudal analgesia. In the aged 
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approximately 20 per cent less drug is required than in the robust. The 
dividing line is difficult to state categorically, but a consideration of the effects 
of wear and tear of life as determined by physical examination will usually 
indicate those in whom reduced doses are desirable. We have not employed 
this procdure in children. 

We :shave used several anesthetic drugs for continuous caudal analgesia. 
\ drug ideal for regional anesthesia should possess the following characteris- 
tics: Sensory block should be prompt and complete ; period of effect should be 
uniform and of reasonable duration ; unpleasant sensations should be absent 
during onset and recovery; elimination of the drug should be rapid; toxic 
effects should be absent ; and resumption of nerve function should be complete. 
In addition, for epidural analgesia by the caudal route, one must be able to 
adjust the concentration of the drug so that effective doses can be administered 
in units of 20 to 30 cc. of solution, 

In an attempt to find the drug best suited to our purpose we have investi- 
eated clinically the effects of procaine, pontocaine, and metycaine. Metycaine 
iy a derivative of both benzoic acid and piperidine ; the others are derivatives 
of para-aminobenzoic acid, differing in the number and configuration of the 
side chains substituted in the two amino groups which each contains. 

Procaine hydrochloride occurs as a crystalline powder, It is freely solulle 
i Water ; its aqueous solutions approach neutrality ; it is not irritating to tissue 
locally ; and it is widely used as a local, regional, and spinal anesthetic agent, 
with rare complications. It is marketed in a number of forms, being offered 
hy most of the leading drug firms. For continuous caudal analgesia a con- 
venient package consists of an ampule containing one gram of drug in a finely 
divided powdered state. Solutions are prepared by diluting the contents of 
the ampule with physiologic saline solution. Epinephrine may be added, a 
final concentration of 1/250,000 being adequate. We have employed procaine 
for caudal analgesia in strengths of 1.5 and 2 per cent. A dose of 30 cc. of 1.5 
per cent solution, with epinephrine, will produce a low caudal block of surgical 
intensity after fifteen minutes. These effects will persist for twenty minutes 
to one and one-half hours. One gram may be given safely at a single dose. 
Two grams at a single dose have produced toxic symptoms. We have on 
occasion employed a dose of three grams within twenty minutes, without toxic 
effect. Serially, we have given doses of five to six grams over six- to eight- 
hour periods without immediate or late toxic effects of consequence. In our 
hands, however, procaine has produced a high incidence of nervous irritability 
(of minor intensity and fleeting duration) when employed for caudal anal- 
gesia. Siever and Mousel® believe that procaine is the safest local anesthetic 
agent known, and recommend it for caudal analgesia on the basis of their 
experience with 300 cases. 

Pontocaine (tetracaine) hydrochloride is a local anesthetic drug of con- 
siderable potency. It is marketed as a finely divided or crystalline powder 
aid as a solution in ampules by the Winthrop Chemical Company. A con- 
venient package consists of an ampule containing 250 mg. of the powder in a 


953 











SOUTHWORTH 





AND 





HINGSON Annals of Surgery 


December, 14 43 


finely divided state. This is diluted just before use with physiologic saline 
solution. Epinephrine must be added when this drug is used for regional 
anesthesia, a concentration of about 1/200,000 being satisfactory. We have 
employed pontocaine for epidural analgesia by. the caudal route in strengths 
of 0.2 to 0.25 per cent, with epinephrine. More than 150 mg. but probably 
less than 250 mg. may be given at a single dose. In our experience the action 
of pontocaine has been somewhat erratic. A dose of 30 cc. of 0.2 per cent 
solution, with addition of epinephrine, will usually produce a low caudal 
lock of surgical intensity after forty minutes. This. effect will persist from 


G 


Fic. 5.—Injection cf test dose of 8 cc. of solution into sacral canal with the palm of the left 
hand firmly pressed over sacrum in an attempt to identify extrasacral injection. 





fifty minutes to six hours. It seems that pontocaine sometimes only partially 
blocks nerve conduction. Further work with pontocaine may prove it useful 
as an epidural anesthetic for relief of postoperative pain. An optimum con- 
centration, as yet not found by us, may be necessary for best results. 
Metycaine was synthesized in 1926. It is a fine white powder, soluble in 
water one to one, and freely soluble in alcohol’and chloroform. In aqueous 
solution it is faintly acid. In the strength of 1.5 per cent in physiologic salt 
solution it does not lake red blood cells and appears to be nonirritating to the 
tissues locally. It is employed for local, regional, and spinal anesthesia. Eli 
Lilly and Company manufactures it and furnishes it in bulk powder, in solu- 
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ine tion, in ampules, and in other forms. The most convenient package for use in 
mal caudal analgesia is an ampule containing 5 cc. of 20 per cent solute (1 gram 
lave of drug). Solutions may be prepared from this ampule by .alution with 
xths sterile physiologic saline. Solutions prepared from the powered drug may 
bly be autoclaved or boiled, and stored without deterioration. | ‘pinephrine may 
tion be added to solutions prior to use. A concentration 0° approximately 
ent 1/300,000 is adequate. The total amount of metycaine tolerated at a single 
dal injection epidurally is in excess of one gram but is less than thee grams. This 
‘om drug seems to be rapidly absorbed and eliminated. Considerably greater 
amounts may be adiministered by serial injection. We have used doses of 
five grams, or over, during six-hour periods without immediate or delaved 
tcxic effect. One and one-half per cent metycaine solvtien, with addition of 
epinephrine in the strength of 1 309,000, pre duces prompt, complete, nerve 
conduction block. Thirty cubic centimeters of this solution administered into 
the epidural space through the sacral canal produces a low caudal block of 
surgical intensity after ten to fifteen minutes. This effect may be depended 
upon to persist for a minimum of one hour and may last for two hours. 

The local anesthetic drugs are apparently metabolized in the liver. They 
are broken down or conjugated or otherwise “detoxified” there, and the 
metabolites are rather promptly excreted in the urine. Even after very large 
doses, almost all excretion has taken place within twenty-four hours, most of 
it within the first eight hours. Little or no unchanged drug is to be found 
in the urine. 

As a group, the local anesthetic drugs are central stimulants of the con- 
vulsive type. Toxic symptoms may follow intravenous injection or overly 
r.pid vascular absorption. Systemic reactions fall into three general types, 
characterized respectively by: (a) Signs of central nervous irritation, such 
as restlessness, apprehension, loquacity, sweating, pallor, palpitation, nausea, 

tremors, and in the more severe cases unconsciousness and convulsions; (b) 
circulatory collapse or shock manifested by sudden fall in blood pressure, 


j symptoms such as bronchospasm, urticaria, or angioneurotic edema. Parts 
of the first two types may occur together. There is some evidence that a 
: rapid rise in blood level, as with inadvertent intravenous injection, is more 
likely to produce the second type of reaction, and that the slower attainment of 
y a high level, such as after infiltration of overly large doses, tends to produce 
y ‘ the first type. The rule is by no means universal, however, and different 
individuals appear to vary greatly in their susceptibility. The true allergic 


| 7 bradycardia, and in severe cases stoppage of the heart; and (c) true allergic 


<A 
opens 


Pore re 


type of reaction is rare. 
’ E The convulsive type of reaction can be prevented by the previous adminis- 
: . tration of sedative doses of the barbiturates. These drugs, given intra- 
t venously, are of some value in treatment of convulsions, but treatment is less 
. satisfactory than prevention. For the collapse type of reaction the barbiturates 
: have little value, and pressor drugs, cardiac and circulatory stimulants, plasma, 
: and measures used to treat other types of shock should be employed. 
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Table I summarizes pharmacologic effects of interest. Procaine in 1.5 per 


cent concentration, with addition of epinephrine, is a satisfactory solution, 


but increased incidence of mild toxic effects from its use in our hands led us 
to seek another drug. We do not prefer pontocaine because of apparent lack 
of prompt, uniform, complete sensory block. For the present we continue to 
recommend metycaine 1.5 per cent in physiologic saline, with epinephrine 
1/300,000, as the drug solution of choice for continuous caudal analgesia 
in surgery. For therapeutic caudal block epinephrine is omitted. 

Certain principles concerning control of level of analgesia and methods of 
determining dosage for a given patient have become apparent as more experi- 
ence has been gained with the use of continuous caudal analgesia in surgery. 

One advantage of this method is that it is controllable in level, depth, and 
duration of effect; this feature is unique in the field of regional analgesia, but 
stems from the continuous feature of spinal anesthesia devised by Lemmon.’ 
Control of level of analgesia in caudal block is exercised by regulation of the 
quantity of solution given at any one time, by the speed with which the injec- 
tion is given, and by taking advantage of the effect of gravity. The height to 
which effect is produced is proportional to the amount of solution administered 


TABLE I 


‘PHARMACOLOGIC EFFECTS OF LOCAL ANESTHETIC AGENTS 


Procaine* Pontocaine* Metycaine* 

State of sensory block............. Prompt and complete Slow in onset Prompt and complete 
Sometimes incomplete 

a ee eee 20 min. to 114 hours 50 min. to 6 hours 1 to 2 hours 
Unpleasant sensationsT............None None None 
Elimination of drug............... Rapid Rapid Rapid 
Toxicity from routine use.......... Increased mild reactions Few mild reactions Few mild reactions 
Resumption of nerve function...... Complete Complete Complete 


as a continuous injection. Small amounts given as single doses serve only to 
reinforce analgesia at low levels. Larger amounts spread into the upper 
reaches of the epidural space. Although individuals vary, averages serve as 
a valuable guide to dosage. 

Speed of injection is a less dependable method of control. In general, a 
given amount of solution will produce effects at higher levels if it be rapidly 
injected. For perineal analgesia, for example, administration is slow, so that 
the greater part of the solution will remain at a low level and thus effect an 
economy of drug. Variation in size of the openings surrounding the nerve 
trunks at the sacral intervertebral foramina may influence speed of injection 
as a controlling factor, and may account for its lack of reliability. 

The effect of gravity on solutions injected peridurally through the caudal 
canal is quite constant and is a valuable method for control of level of effect. 
By tilting the table down at the head, a given amount of anesthetic solution 
will produce effects two to three segments higher than when administered 





*Procaine 1.5 per cent in physiologic saline, with epinephrine; pontocaine 0.2 or 0.25 per cent in physiologic 
saline, with epinephrine; metycaine 1.5 per cent in physiologic saline, with epinephrine. 

Some patients note tingling in the extremities during onset of analgesia with these drugs, but this sensation 
is not usually unpleasant. 
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with the patient horizontal. Conversely, tilting the table down at the foot 
tends to puddle the solution at lower levels. The patient may be placed in 
the lateral position for unilateral operations as in inguinal hernia, the affected 
By judicious combination of these methods one can pro- 


side being lower. 
duce varying levels of effect at will. 

Control of depth of analgesia may be exercised through concentration of 
anesthetic solution. For all ordinary surgical and therapeutic caudal blocks, 
however, I.5 per cent metycaine should be used. Control of duration of anal- 
gesia is exercised by administration of supplementary doses of drug solution 


at intervals determined by experience. 

For the purpose of determining dosage and control methods required for 
satisfactory analgesia in a given case, we have found it convenient to make 
three categories ; namely, low, mid, and high caudal block. 

The term low caudal block is used when analgesia is required no higher 
than the 1st lumbar segment. It is used for operations upon the rectum; the 
perineum, as in perineal prostatectomy ; vaginal plastic operations, including 
vaginal hysterectomy ; and intra-urethral operations. It may also be employed 
for circumcision, excision of hydrocele and other procedures in this region if 
desired. For these operations it is necessary to completely block conduction 
in the 1st lumbar segment. When this is done, some disturbance of conduc- 
tion (loss of sensation of pain) results at slightly higher levels. As most of 
the nerves which innervate these operative fields are near the sacral canal 
they are readily blocked with comparatively small amounts of solution. 

For low caudal block an initial dose of 30 cc. of 1.5 per cent metycaine 
solution is administered. This is given slowly and the table need not be 
tilted. Within 15 minutes this will produce surgical analgesia which will 
persist for about one hour. If subsequent injections are required, 30 cc. at 
hourly intervals will suffice. 

In certain instances low caudal block may be continued postoperatively. 
After hemorrhoidectomy 10 cc. of 1.5 per cent metycaine solution may be 
administered hourly for 12 to 14 hours, with complete relief of pain during 
the period of block. Subsequent pain in the operative site has seemed less 
severe. 

Mid-candal block is employed for operations in which complete conduction 
block is required in the upper lumbar and lower thoracic segments as well as 
in the segments below. It is used for operations on the pelvic organs trans- 
peritoneally ; suprapubic prostatectomy; inguinal and femoral hernioplasty : 
cesarean section ; and, with a variation in technic, for operations on the lower 
extremities. In a previous report we could not recommend caudal analgesia 
for operative procedures requiring surgical analgesia above the umbilicus, but 
additional experience has convinced us that mid-caudal block is also useful 
for appendicectomy and ventral hernioplasty. 

For abdominal operations it is necessary to block the upper lumbar and 
lower thoracic nerves. Here, again, the trunks are comparatively small and 
traverse a short distance to the abdominal structures. They are readily 
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anesthetized by small amounts of solution per nerve. Therefore, in order to 


spread anesthetic solution into these upper levels the table is tilted down by 
the head at the time of injection. 

This technic applied for low abdominal operations gives a safe, adequate 
anesthetic with good muscular relaxation. The patient remains in excellent 
condition throughout. In critically ill patients, operations may be performed 
with exposure and relaxation associated with spinal but with shock-free fea- 
tures associated with local. In cesarean section the baby is born ready to 
breathe and uterine tone usually will be found satisfactory without the routine 
use of oxytoxics. In some instances it is necessary to make haste in removing 
the fetus and placenta in order to avoid technical difficulties from increased 
uterine tone. In cesarean section and with patients who are to be delivered 
of a massive ovarian tumor, it is wise to allow the analgesia to maintain its 


5 to 20 minutes before beginning operation. 


full height for 





scan 


Fic. 6.—Special tubing attached over the collar of caudal needle illustra::ag use of 
continuous caudal apparatus. 


In mid-caudal block used for operations on the lower extremities it is 
desirable to concentrate a considerable quantity of anesthetic solution in the 
lumbar area so the lumbosacral plexus roots will be bathed in large amounts of 
crug. Because of their large size, increased amounts of drug solution per 
nerve are required to quickly and completely interrupt conduction. It is less 
important to affect the lower thoracic roots for analgesia of the extremities. 
Therefore, in order to concentrate effect in the lumbar region, the table is 
tilted down at the foot at the time of injection. 

Mid-caudal block applied to operations on the lower extremities gives safe 
surgical analgesia with muscular relaxation which facilitates operative work. 
Such relaxation together with surgical analgesia may be obtained in the aged, 
or in recently shocked or debilitated patients, with a minimum of risk. We 
have found this anesthesia to be particularly suited for operative procedures 
upon the hip in the aged. Prolongation of operative time caused by roent- 
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amputations upon patients with gangrene of arteriosclerotic or diabetic origin 
one may operate secure in the knowledge that the anesthesia adds nothing to 
the odds against the patient. 

This type of anesthesia has been found of value in treatment of casualties 
injured below the umbilicus, as in compound fracture of the lower extremity. 
It has been found practicable to anesthetize these patients in the receiving 
room and conduct all subsequent examinations and treatment, covering four- 
to six-hour periods, with the patient free from all pain. Prolonged anestheti- 
zation by means of continuous caudal block, plus air transport, might prove 
of value in treatment of certain battle injuries. For a surgeon experienced 
in the method this anesthetic is ideal for operations that must be performed in 
ships on the high sea, particularly when skilled assistance is not available. 

For mid-caudal block an initial dose of 30 cc. of recommended solution is 
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administered. Five minutes is allowed to elapse and the sacral area is tested 


with a needle. If saddle analgesia can be demonstrated the needle is situated 
within the sacral canal. Five minutes after administration of the first 30 ce, 
a second unit of 30 cc. is administered and the anesthetic or operating table is 
tilted. If the proposed operation is in the extremities the table is tilted down 
by the foot five degrees in order to hold the solution in the lumbar areas. If 
the operation is in the pelvis or abdomen, the table is tilted down by the head 
five degrees in order to extend the effects more completely into the midthoracic 
area. Twenty to thirty minutes after administration of the first unit of the 
dose, analgesia will be found complete. With the technic recommended for 
abdominal work, surgical analgesia will extend to the costal margin. Anal- 
gesia will persist for one to one and one-half hours. Subsequent injections of 
40 cc. are given as required. In pelvic operations the five-degree tilt of the 
table is maintained and is found to be sufficient to keep the bowel out of the 
pelvis. While steeper angles are not contraindicated for anesthetic reasons, 
they will not be found necessary, and if not employed relieve the patient of the 
added burden of the weight of the abdominal contents against the diaphragm. 

When analgesia is required for operations in the upper abdomen and lower 
chest, that is, with complete conduction block to T4 or higher, we term the 
procedure high caudal block. Our experience in this field has been limited to 
33 cases, but the results so far have been encouraging. Height of effect is 
achieved by use of increased volume of solution and by utilizing the effect of 
gravity. Chart 1 is the record of a seriously ill patient operated upon under 
high caudal block, and returned to the ward in as good condition as when 
he left. 

For high caudal block an initial dose of 30 cc. of recommended solution is 
given. After five minutes the table is tilted down by the head five degree.. 
and a second 30 cc. is given. At the end of a second five-minute period a third 
unit of 30 cc. is administered. This procedure usually results in surgical 
analgesia to the nipples or clavicles thirty minutes after the first injection. 
The effect persists for one to one and one-half hours. Supplementary doses 
of 50 cc. are given if required. Table II summarizes in brief form the doses 
of anesthetic solution required for surgical procedures. 

TABLE II 


SUMMARY OF DOSES RECOMMENDED 


(Metycaine 1.5 Per Cent) 


Type Amt. Cc. 
Low caudal block a as 6s EE eee ae 
EP eT ae ee 
High caudal block..... ivihadcmioavee>tiapan Saree 


Intervals, represented by dashes, between units of initial dose, are five minutes. Supplementary doses 


are 30, 40, and 50 cc., respectively. 


Certain technical details of importance in care of patients and in adminis- 
tration of continuous caudal analgesia have become apparent. These include 
preoperative care; choice of instrument and technic of insertion, including 
precautions ; and postoperative care. 
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Caudal analgesia in surgery requires no change in routine of preoperative 
care, yet sometimes advantageous changes can be made. When the surgical 
condition permits, as in the case of vaginal plastic procedures, little immediate 
preparation need be given. The patient may be given a light breakfast, sent 
tc the operating room without premedication, operated upon, and returned 
to the.ward with little disturbance of the normal routine of living. Insulin 
and diet may be given as usual to diabetics. In the aged undergoing operation 
for painful conditions, preoperative medication should be omitted. Restless- 
ness from disorientation, if present, may then be safely controlled with 
minimal doses of penthothal sodium. Patients who are to undergo cesarean 
section should have no preoperative medication. 

For surgical procedures caudal block is started with the patient in the prone 
position. The hips may be elevated with a pillow. After the first unit of the 
initial injection the patient is turned to the position required by the surgeon. 
For cesarean section it is begun with the patient in the lateral position, as for 
spinal, but the patient is placed on her back before the second unit of the 
initial dose is given. A final inspection of the needle and its attachments 
should be made prior to draping in order to make certain that the needle is 
still correctly placed and that the conducting tubing is attached. 

Since the introduction of continuous caudal analgesia, we have used a 
special malleable No. 19-gauge steel needle, devised by one of us (R. A. H.), 
which is allowed to remain in the sacral canal throughout the procedure. In 
our experience this has been the instrument of choice for the continuous 
technic. It is small enough to permit repeated trials at insertion with little 
trauma, a factor which is of importance to beginners. Flexibility of the needle 
allows it to assume the natural curve of the sacral canal while its comparative 
rigidity adds to the security of its position. Its small size minimizes entrance 
of infection when the apparatus is left in place for prolonged periods. After 
insertion of the needle the anesthetic solution is introduced in intermittent 
doses in amounts sufficient to maintain the desired effect. 

Other instruments are in use. Adams, Lundy, and Seldon® advocate use 
of a No. 13-gauge needle for original caudal puncture. Through this needle 
2 No. 5 catheter is inserted. The needle is then withdrawn and the catheter is 
allowed.to remain in the sacral canal. Irving, Lippincott, and Meyer,* and 
Seiver and Mousel® have also employed this technic, with slight modifications, 
with good results. In surgical patients we have found that insertion of a 
round-tip catheter well above the usual termination of the dura sometimes 
gives more rapid onset of analgesia in the abdomen. Block and Rochberg,® 
and Posner and Buch,’® have advocated administration of anesthetic solution 
by means of continuous drip through a needle in the sacral canal. 

Success obtained in the use of caudal analgesia depends primarily on the 
accuracy with which a needie can be inserted into the sacral canal through 
the sacral hiatus. This procedure is somewhat more difficult than lumbar 
subarachnoid tap, but one which can be readily learned. The technic has been 
well described."": 1" For best results the needle is inserted with the bevel 
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posteriorly so that it will slide along the periosteum of the roof (posterior 
wall) of the sacral canal without piercing the periosteum or any of the thin- 
yalled veins which are numerous in the lateral and anterior parts of the canal. 
For unilateral operations we have found it practicable to direct the needle to 
the affected side in order to produce quicker, more profound, unilateral 
analgesia. When done carefully, this has not been followed by increased 
incidence of bloody tap. 

When using our technic several precautions must be taken. It is necessary 
tu be sure that subarachnoid tap has not been performed inadvertently. In 
our experience careful aspiration will usually reveal cerebrospinal fluid if 
the dura has been pierced. Lundy'* recommends that aspiration be performed 
gently for more accurate results. We have performed inadvertent subarach- 
noid tap sixteen times in attempting caudal analgesia. In all but two instances 
clear or bloody spinal fluid flowed back freely into the aspirating syringe ; 
anesthetic solution injected extradurally into the sacral canal cannot be freely 
aspirated. After subarachnoid tap, caudal analgesia should not be attempted 
in the same patient for 24 hours. Beginners or occasional operators, when 
using our technic, are advised to use a test dose of 8 cc. of 1.5 per cent mety- 
caine solution (about 120 mg.) to be sure that occult subarachnoid tap has 
not occurred. This dose placed within the subarachnoid space in the sacral 
canal will produce a low, safe, spinal anesthesia in ten minutes, as evidenced 
by extensive saddle analgesia and definite motor weakness in the lower extrem- 
ities. It will not produce a complete lower abdominal spinal anesthesia. If a 
low spinal is obtained from the test dose, no attempt should be made to extend 
the effects of the spinal by additional doses. Work done in this respect will 
be reported separately. If an 8 cc. test dose produces no evidence of sub- 
arachnoid anesthesia, injection is carried on with doses recommended, the 
original 8 cc. being disregarded. 

The appearance of blood through the caudal needle does not necessarily 
constitute a contraindication to continuing the procedure. The needle is 
withdrawn a few centimeters, gently rotated, and reinserted. In this way free 
bleeding through the needle can be avoided. In robust patients undergoing 
elective procedures, injection may proceed immediately. In poor risk patients, 
in the aged, and in patients who are to undergo cesarean section, ten minutes 
are allowed to elapse after bloody tap to allow clotting about the pierced vein. 
in this way one may avoid forcing significant amounts of anesthetic solution 
directly into the injured vein. 

The postoperative course of patients operated upon under caudal block is 
smooth. Atelectasis, distention, urinary retention, vomiting, and phlebitis 
are rare. Motor paralysis rapidly wears away and the patient is able to move 
about in bed. Sensory block gradually fades leaving comparatively pain-free 
wounds. About one in twenty patients complain of soreness in the lower 
hack but none have required special medication for relief, and it has not been 
noted by any on the second postoperative day. Headache as a sequela of the 
anesthetic has not been observed. 
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Caudal block may be employed for therapeutic purposes through its tem- 
porary paralytic action on the sympathetic system. Low caudal block from 
30 cc. of 1.5 per cent metycaine solution produces a lumbar sympathetic block 
that persists for about one hour. It may be employed in diagnosis and treat- 
ment of certain vascular diseases. Estimation of vasospastic factors in 
peripheral arterial disease in the lower extremity is facilitated by measure- 
ment-of skin temperatures before and during temporary sympathetic paralysis, 

The work of Leriche and Kunlin,’* and Ochsner and DeBakey," has 
shown that acute thrombophlebitis of the lower extremities is benefitted by a 
temporary block of the lumbar sympathetic system. Formerly this was done 
by lumbar paravertebral block. We have found that sympathetic paralysis 
may be produced by the simpler technic of caudal block. Low caudal block is 
sufficient to produce the desired result. 





Fic. 8.—Posterior sacral ligaments and sacral canal with posterior surface of sacrum removed. 


This type of treatment for acute thrombophlebitis requires that a temporary 
lumbar sympathetic block be produced as soon as possible after the diagnosis 
is made and at frequent intervals thereafter until improvement or cure results. 
We have found an alternate method promising. A low caudal block is given 
and maintained for a period of four hours. It is then allowed to wear away 
for a four-hour period, but the needle is left in place. A second period of 
block is then begun and maintained for four hours; in all, a 12-hour procedure 
with eight hours of block. ; 

Caudal block produces prompt, lasting pain relief in phlebothrombosis of 
the lower extremities and is a valuable adjunct in the treatment of this 
condition. 

Epidural injections of saline or anesthetic solutions have long been used 
in treatment of sciatica. In the absence of organic changes in the adjacent 
structures or in the nervous system, that is, in idiopathic sciatica, some suc- 
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cess has been obtained. Kelman'’ and others give massive dose injections 
with the purpose of releasing adhesions about the lumbar and sacral nerve 
Evans" is of the opinion that smaller doses are sufficient for this 


roots. 
We have considered the possibility that relief that occurs in idiopathic 


effect. 


sciatica might be due to temporary interruption of pain and spasm, although 
it is difficult to correlate this view with the fact that occasionally small saline 


injections produce dramatic cures. 

In the treatment of sciatica, a low caudal block is administered and the 
patient is asked to report his opinion as to the benefit he has derived after a 
lapse of 48 hours. If he feels that he is improved, a second and third treat- 
nent are given 48 hours apart. It is believed that maximum improvement 
is reached after three treatments. Empirically, we have treated 21 cases of 
sciatica of the idiopathic type with low caudal block, employing 1.5 per cent 
metycaine solution and have noted improvement sufficient to allow the patient 
to return to duty in fifteen cases. 

Minor strains and contusions of the lower back are often benefitted by 
one or two low caudal blocks. It seems that in these conditions temporary 
relief of pain and muscle spasm is followed in some instances by prolonged 
relief of symptoms and cure. The patient is allowed to be judge of the 
efficacy of the treatment, and none are urged to undergo a second treatment 
if definite benefit has not occurred within 48 hours after the initial injection. 
Those who obtain prolonged relief readily submit to additional treatments even 
when they consider the treatment itself painful. 

Intractable pain in the pelvic regions, when due to a temporary or sur- 
gically amenable lesion, may be relieved by continuous caudal analgesia. In 
this category perirectal cellulitis and abscess may be rendered painless in the 
preoperative stage. Perineal phlegmon, likewise, may be relieved if infection 
does not extend near the sacrum. Acute salpingitis sometimes responds 
favorably to repeated continuous caudal blocks with prolonged pain relief 
resulting. Localization of infectious processes is in no way interfered with 
by use of a continuous caudal block ; in fact localization appears to be hastened. 
Pain from ureteral calculus may be relieved by caudal block. The analgesia 
may be administered for relief during a period of conservative therapy, pre- 
operatively, or for operation. Occasionally, prolonged relief follows a mety- 
caine caudal block in patients with pain from advanced pelvic carcinoma. 

The observation that blood pressure may be restored to normal levels in 
hypertensive patients under the influence of caudal block brought up inter- 
esting possibilities. Southworth and Russek'® found that in all cases studied, 
blood pressure in the hypertensive is lowered, safely, for the duration of the 
block. A rapid return to previous levels occurs in fixed hypertensives. In 
some patients with labile blood pressure and intermittent hypertension, a 
period of temporary sympathetic paralysis as produced by caudal block is 
followed by comparatively: prolonged levels (one to two weeks) of normal 
pressure, and by subjective improvement. It is not believed, however, that 
intermittent sympathetic block is of any value in treatment of hypertension. 
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Observations on a few patients with hypertensive crises have shown promise 
that some benefit may accrue from temporary lowering of arterial pressure, 

Edwards and Hingson,' and Siever and Mousel,”® have observed beneficial 
effect from caudal block on eclamptic patients. 

Continuous caudal analgesia has one definite disadvantage for routine use 
as a surgical anesthetic. It is time-consuming. When the services of a 
trained anesthetist are available so that cases may be prepared in advance, 
this factor is eliminated. As we gain more experience we find that the 
required time interval as described can be greatly shortened. 

The complications of continuous caudal analgesia as applied in general 
surgery have been mentioned throughout the text but will be considered 


together here. 





Fic. 9.—Anterior sacral ligaments with roof of sacral canal expcsed. 


Syncope has been observed in numerous patients during or shortly after 
the initial injection. This phenomenon consists of transient loss of con- 
sciousness for a few (10 to 30) seconds. In no instance has this been fol- 
lowed by any sequela whatsoever. The patient quickly regains consciousness 
and believes that he dozed off. It is thought that this minor complication is 
due to sudden compression of the dural sac. Dizziness and bradycardia, 
which occur at times during the course of an injection, may be due to the 
same cause. 

Nervousness, nausea, and occasionally vomiting may occur during the 
course of caudal analgesia. This is attributed to toxic effect of the anesthetic 
drug from rapid absorption. These symptoms may follow bloody tap in the 
sacral canal if sufficient time is not allowed for clotting to occur. Once we 
found it necessary to discontinue caudal analgesia because of bleeding and 
too rapid absorption of solution. Nausea and restlessness may be produced 
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in sensitive individuals by sudden drop in blood pressure from a normal 
level. In some instances nausea may be caused through a more direct effect 
on the intestinal tract through its autonomic innervation. These symptoms 


have not occurred frequently in our experience. 








Fic. 1o.—Anomalous sacrum with total failure of fusion of dorsal bony arches. 
This condition is present between 0.5 and 1.5% of cases. 


Peripheral circulatory collapse from continuous caudal analgesia has oc- 
curred twice in our experience. In both instances it was due to the combination 
of too rapid onset of upper level analgesia together with too rapid absorption 
of anesthetic drug following a bloody tap. In one instance, for temporally 
elective cesarean section, it was thought wise to postpone the operation, 
although the circulation improved promptly after administration of ephedrine 
subcutaneously. In the second patient, an elderly diabetic undergoing elec- 
t:ve hernioplasty, the operation was successfully undertaken after the blood 
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pressure and other symptoms had responded to the administration of 3 
grain ephedrine sulfate. No unfavorable sequelae followed either of these 
occurrences. 

Infection has occurred twice as a complication of caudal analgesia in 
surgical patients. In one instance superficial cellulitis of low grade appeared 
about the needle entrance. No involvement of the sacral canal was present 


Fic. 11.—Showing special caudal needle in place in the sacral canal through sagittal section. 


and there was no nerve damage. This infection subsided after administration 
of sulfathiazole. In the second instance serous drainage from the needle 
site appeared. No involvement within the sacrum was present and this con- 
dition healed spontaneously. The possibility of infection is ever present in a 
continuous nerve block procedure. For this reason we now seal the junction 
of the skin and needle with a liberal amount of sulfathiazole ointment. 

In our hands, continuous caudal analgesia has been 96.7 per cent effective 
for the operation for which it was intended. Failures have been due to 


learning, to teaching, and to anomalies of the sacrum. In two instances, 
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with seemingly normal sacra and proper technic, we have been unable to 
raise the level of analgesia high enough for the procedure at hand. This 
occurred once in a patient with an inguinal hernia and once in a patient about 
to undergo abdominal perineal resection. 

Continuous caudal analgesia in surgery may be supplemented by inhala- 
tion or intravenous anesthesia or additional local or regional block. It is not 
thought wise to employ spinal anesthesia directly after a failure at caudal. 
When it is desirable to supplement caudal for the patient’s benefit, rather 
than for surgical or anesthetic reasons, sodium pentothal is the agent of 
choice. A small amount will keep the patient asleep. 


TABLE III 
LOW CAUDAL BLOCK 
Anesthetic 
Type 

Perineal plastic operations. 

Transurethral operations 

Hemorrhoidectomy 

Miscellaneous urologic proce anne 

Miscellaneous gynecologic procedures 

Manipulation of lower spine 


Therapeutic 


Thrombophlebitis. . 
Diagnosis—vasospastic c onditions 
Treatment—vasospastic conditions 
oo 

Miscellaneous. . 

Low back strain 


MID-CAUDAL BLOCK 


Hernioplasty, inguinal, ventral, and femoral 
Operations on the pelvic organs transperitoneally 
Cesarean section*. 

Phlebectomy and Messin of varicose veins. . 
Open reduction, fractures of the lower extremity 
Appendicectomy. 

Arthrotomy of the tates joint Ae 

Open operation of the hip joint (in eal 
Amputation (major bones of lower extremity) 
Skin grafting, plastic operations, below umbilicus 
Miscellaneous procedures 

Suprapubic cystotomy 


HIGH CAUDAL BLOCK 


Ventral hernioplasty (upper abdomen) 
Miscellaneous operations involving upper abdomen 
Cholecystectomy 

Rib resection. . 


903 


We have administered, or closely supervised, the administration of con- 
tinuous caudal analgesia to 903 patients undergoing various surgical opera- 
tions. The type and number of procedures are listed in Table III. 

We conclude that continuous caudal analgesia is a useful addition to the 


‘Some of these cases will be sean separately by Dr. C. B. Lull. 
Failures were as follows: Low caudal block, 3 or 1 per cent; mid-caudal block, 25 or 4 per cent; high cauda 


block, 2 or 6 per cent. 
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armamentarium of the surgeon and anesthetist, because it has the desirable 
features of regional and local anesthesia plus controllable duration and level 


effect. 
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SEARCH FOR RELIEF OF PAIN has been the driving motive which has brought 
patients to doctors from time immemorial. It was not until means were de- 
veloped whereby patients might be relieved from pain during surgical pro- 
cedures that the real refinements of surgery began. Inhalation anesthetics 
were among the first to prove a great boon to patients and surgeons alike 
Paradoxically, however, they had their harmful effects during operatior. 
and postoperatively because of the great stress upon the cardiorespiratory 
system. 

Undoubtedly, many deaths have been directly due to inhalation anesthetics, 
most of them attributed to other causes, chiefly the disease and operation. 

LocaL ANESTHESIA: Valuable as the inhalation anesthetics have been, 
there has been a constant study by anesthetists to find other means of 
relief from pain without the cardiorespiratory stress caused by these agents. 
The discovery of cocaine and its use was a big improvement in anesthesia. 
Noyes, of New York, was prompt to use it in 1884. However, cocaine had 
its dangers and limitations. These have been succeeded by the cocaine sub- 
stitutes, some of which are more dangerous than cocaine. 

Local and regional anesthesia undoubtedly are the safest anesthetics for 
use in surgery. However, there are certain patients who are not psycho- 
logically suited for any local anesthetic and certain long operations do not 
lend themselves readily to regional and local anesthesia. 

SPINAL ANESTHESIA: Corning, of New York, using what he termed 
as “Procedure in Therapy Which Possesses the Merit of Novelty,” attempted 
to produce spinal anesthesia. In an article published in October, 1885, 
entitled “Spinal Anesthesia in Local Medication of the Cord” he said: 
“As the introduction of a hypodermic needle beneath the membrane of 
the medulla spinalis is. not practicable without the removal of the arches 


* Published with permission of the Surgeon General of the U. S. Public Health 


Service. 
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of the vertebrae (on account of the dangers of wounding the cord), | 
decided to inject the anesthetic between the spinous processes of the lower 
dorsal vertebrae. . . . | was bent upon abolishing reflex action and annulling 
sensory conduction in the cord.” Anesthesia of the legs and genitalia resulted, 
and a sound was passed painlessly through the urethra. Because cocaine 
in doses greater than one-half grain was too dangerous in general use, 
the method was not generally adopted and fifteen years were to pass before 
the surgical possibilities of spinal anesthesia were demonstrated clinically 
by Bier, of Kiel, in 1898. Quincke, in 1891, had demonstrated the utility 
of the lumbar puncture and showed that the introduction of the needle into 
the dura was feasible. So Bier, after experimenting upon animals and his 
own spinal canal, and his associate, Hildebrand, injected themselves with 
solutions of cocaine in 1898. The method was used so unwisely that Bier, 
in 1904, was called upon to sound a warning about its too extensive use. He 
realized some of the deleterious effects of cocaine and decided to wait for 
the discovery of some less toxic drug. In 1903, Fournier brought out 
stovaine, which became generally used throughout England and France. 
In 1904, Einhorn, in Germany, discovered procaine (novocain). In America, 
Adams discovered butyn, and Loevenhart and Schmitz brought forward 
isocaine. As the resultant development of these safer drugs, the use of 
spinal anesthesia has become general and widespread. Where it has 
been carefully used, the morbidity and mortality rate is below other types 
of anesthesia. 

We believe it is responsible for lowering the mortality rate after prolonged 
operations such as those of resections of carcinomatous growths from the 
intestinal tract. We have used it with striking success for patients suffering 
with diseases requiring long operations at this hospital. One cannot but 
be impresed by the postoperative condition and course in poor-risk patients 
by the smooth recovery and convalescence which would not be looked for 
in Ordinary circumstances following inhalation anesthesia. This is especially 
true in the use of continuous caudal and continuous spinal anesthetics which 
permits the use of a minimal amount of drug and, in the case of spinal 
anesthesia, partial withdrawal at the conclusion of the operation. 

As time goes on, undoubtedly newer drugs and newer methods will 
continue to be introduced for the relief of pain for medical conditions and 
surgical procedures. We believe that the present use of spinal and caudal 
anesthesia is a big advance over former years. 

For two decades spinal anesthesia has been one of the most satisfactory 
methods of rendering insensibility to pain in the surgical services of the 
United States Public Health Service Marine Hospitals. Since Pitkin’s 
monumental work of repopularizing this method :of anesthesia, with increased 
facility of administration and a wider margin of safety for the patient, spinal 
anesthesia has made its own place of popularity among both the surgeons and 
patients. Within the last five years spinal anesthesia has become the method 
of choice in 30 per cent of our operative cases. Since January 1, 1938, we 
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have performed 5,150 spinal anesthesias in the United States Marine 


Hospital at Stapleton, Staten Island, New York. 

It is our purpose in this paper to present our successful use of spinal 
anesthesia incidence of the complications, the indications and contra-indica- 
tions of its use, the technic employed, the addition of present-day improve- 
ments. and modifications in methods of administratio;:, and a discussion of 
the types of drugs used for this procedure. 

We wish to present a modification of the apparatus for continuous spinal 
anesthesia designed by one of the authors. 

The types of patients that we have in the Marine Hospital are entirely 
different in many respects from those seen in the average civilian hospital. 
The great majority of them are robust males with well developed muscular 
frames, in the age-scale between 18 and 45 years. These patients, for the 
most part, live an active seafaring life with the Merchant Marine and 
Coast Guard. 

We have found that spinal anesthesia, in a comparative study of 10,000 
surgical operations done in our hospital, equals the safety of general anesthesia. 

The likelihood of operating room deaths is no greater with spinal 
than with general anesthesia. With proper technic the likelihood of serious 
nerve and meningeal damage is infinitesimal. Most abdominal operations 
are greatly facilitated by this method. For certain ones it is almost impossible 
to operate without it. 

In many operations extensive trauma under general anesthesia is inevitable. 
In such instances the risk of spinal, if any exists, is more than offset by the 
decreased risk resulting from the lessened visceral trauma made possible by 
the more complete relaxation. 

We have found that the incidence of success with spinal anesthesia 
varies with the experience and skill of the anesthetist and the close coopera- 
tion of the surgeon in the choice of the anesthetic agent. For the purpose 
of analysis, we have divided our 5,150 spinal anesthetics into the following 


groups : 


1. Spinal anesthesia for orthopedic operations upon the lower extremities. 
Spinal anesthesia for hernioplasty. 
Spinal anesthesia for rectal and lower urologic operations. 
Spinal anesthesia for intraperitoneal lower abdominal operations. 
Spinal anesthesia for upper abdominal operations. 


Table I presents the five-year summary of these cases in regard to types 
of operations performed, topographic zones of the operative fields, and the 
degree of success attained with each of the indicated agents. The term 
“intentionally combined” indicates those operations in which the spinal 
anesthesia was satisfactory, but which were supplemented by other general 
anesthetics, usually pentothal sodium, as a means of providing factors of 
safety, comfort, or ef systemic therapy indicated by the condition and reaction 
of the patient. The term “necessarily combined” indicates a total or partial 
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TABLE I 
FIVE-YEAR SUMMARY OF 5150 CASES IN WHICH A SPINAL ANESTHETIC WAS ADMINISTERED 
Lower Inten- Neces- 
Urologic Hernio- Lower Upper Extremi- Success- tionally sarily No. of 
Rectal plasty Abdomen Abdomen ties ful Com- Com- Cases 

1938 bined bined 

Spinocaine ... 300 237 35 6 2 582 2 3 585 

Pontocaine..... 12 100 60 10 3 187 2 3 100 

Metycaine..... 7 10 10 ; “f 27 : 27 

Nupercaine. .. 9 9 20 10 2 50 5 a 50 
1939 

Spinocaine . 283 174 38 5 505 5 3 508 

Pontocaine 10 120 65 8 3 208 2 3 211 

Metycaine 2 1 I 4 4 

Nupercaine 9 7 11 10 2 40 11 2 42 
1940 

Spinocaine 304 7 13 2 3 329 es 3 332 

Pontocaine. . 15 227 110 10 16 379 1 4 383 

Metycaine..... 6 88 16 8 } 123 1 5 128 

Nupercaine. .. 4 5 17 9 27 2 3 30 
1941 

Spinocaine ee 420 4 1 . 425 a is 425 

Pontocaine 7 174 100 32 4 327 10 13 430 

Metycaine ) 1 2 5 ; 5 

Nupercaine..... ; 8 5 15 30 2 3 33 
1942 “ 

Spinocaine . 461 ce iia be om 461 a. ‘6 461 

Pontocaine...... 5 185 140 40 10 421 21 3 424 

Metycaine : as 2 2 1 1 6 + Pe 6 

Nupercaine 1 1 ie 1 a 1 2 
Totals, (first half 1943) 300 500 100 50 & 934 12 24 958 

Totals <x. “SESS 1860 746 220 58 5077 71 73 5150 


failure of the spinal anesthetic agent to give relief of pain and adequate 
relaxation. 

The agents used in this study were: 

1. Spinocaine, prepared by the method of Pitkin as a hypobaric solution. 
Two hundred milligrams of procaine hydrochloride was used as a maximum 
dose in this preparation. One hundred fifty milligrams was the dosage for 
abdominal operations in the average case. Seventy-two to 100 mg. were 
used for the average dosage in urologic and rectal operations. 

2. Pontocaine hydrochloride, prepared by Winthrop as an isobaric solu- 
tion, was used as a I per cent solution in a 2 cc. ampoule containing 20 mg. 

3. Metycaine hydrochloride, prepared by Lilly as an isobaric solution, 
was used as a I per cent solution in 2 cc. ampoules containing 200 mg. 

4. Nupercaine hydrochloride, prepared by Ciba as an hypobaric solution, 
was used in a I to 1500 dilution in a 20 cc. ampoule. 

Table II presents our estimation of the comparative action of these dif- 
ferent preparations. 

It can readily be seen that spinocaine and metycaine are shorter acting 
than are pontocaine and nupercaine but at the same time they have a 


relatively lower toxicity. 
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Since most of the surgical operations such as bilateral hernioplasty, gastric 
resections, nephropexy, and colon surgery require an anesthesia that will 
last between one and two hours, and occasionally longer, we have found 
that pontocaine has been the most satisfactory single-dose spinal anesthesia. 
For the average size male patient, which comprised by far the greater number 
of cases in our series, we used a dose of 17 mg. diluted with spinal fluid 
up to 3 to 3% cc. injected between the first and second lumbar spines at 
the rate of 1% cc. per second without barbotage. 

For operations lasting longer than two hours we selected a I to 1500 
dilution of nupercaine according to the Jones technic, i.c., 15 cc. injected 
over a five-minute period into the individual five feet six inches tall, with the 
addition of 1 cc. for each inch in height above five feet six inches. The 


maximum dose was 20 cc. of this dilution. 


TABLE II 
ESTIMATION OF COMPARATIVE ACTION OF VARIOUS SPINAL ANESTHETICS 
Relative 
Time of Duration of Toxicity Relative 
Anesthetic Onset of Single Dosage (Basis: Procaine Potency of 
Name of Drug Efficiency Anesthesia of Anesthetic Unit is One) Unit Action 
Spinocaine (containing pro- 

caine as active principle)... 90 to 100% 3to 10 mins. 30to 80 mins. 1 
Metycaine....... 90 to 100% 3to 10 mins. 40to 90 mins. 1 
Pontocaine vee BBO SIZ 6to 15 mins. 60 to 150 mins. 8. 
Nupercaine R see 80to 90% 15 to 30 mins. 90 to 200 mins. 20. 15. 


25 


Since 1942, we have almost replaced the use of nupercaine by substituting 
the safer and more easily controlled method of continuous spinal anesthesia, 
as devised by Lemmon. Our modification of Lemmon’s technic has been 
that we have used metycaine in preference to procaine. We have also modified 
the Lemmon apparatus as illustrated in Figure 1. Our apparatus contains: 


1 A 20 cc. Luer-Lok syringe. 

2. A cut-off valve. 

3. Three feet of 2 mm. white rubber garter tubing. 
A special hubless spinal needle of malleable stainless steel. 
A special spinal anesthesia introducer. 

. A No. 22-gage, two and one-half-inch fascia needle. 

7. A No. 24-gage, three-quarter-inch hypodermic needle. 


This spinal stainless steel needle* (4) is the same that we have devised 
for continuous caudal analgesia. Instead of a heavy metallic hub, it has a 
reinforced three-quarter-inch steel collar. One-sixteenth of an inch from 
the solder reinforcement with the shaft of the coliar is a special safety bead 
to prevent breakage. The needle is No. 19-gage, has a short bevel, with an 
extra outlet aperture near its point. The needle is so annealed that the 
proximal inch is of stiff steel, the middle one and one-half inch, a malleable 
stainless steel, and the distal one-half inch is also of stiff or rigid steel. 


*This needle is manufactured by the Becton, Dickinson and Co., of Ruther- 


ford, N. J 
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Fic. 1.—Continuous modified spinal anesthesia apparatus (B-D) as used at the 
U. S. Marine Hospital, Stapleton, S. I 


The advantages of this needle obviously are: 
1. It is smaller; causing less trauma in introducing it into the sub- 


arachnoid space. 
2. The relatively heavy hub necessitating a still heavier Luer-Lok con- 


nector is replaced by a light collar over which is easily and securely slipped 


the garter tubing. 

3. The safety bead near the collar is to prevent breakage of the needle. 

4. Stiff or rigid proximal and distal portions of the needle maintain 
optimum position of the entire shaft relative to the skin, interspinous ligament 
and dura mater. 

5. A malleable center shaft allows mobility of the patient in transposing 
himself from the lateral or sitting posture to the dorsal recumbent one. 

We have found that this needle maintains its position during the operation 
more easily than the type usually recommended. 

Our technic of introducing the needle is the same as that recommended 
by Lemmon: 

We place 600 mg. of 20 per cent metycaine, or 3 cc. from the No. 313 
ampoule, in the 20 cc. syringe. After a free flow of spinal fluid has been 
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obtained, the special garter tubing is slipped with the collar over the needle 
shaft and spinal fluid aspirated gently into the syringe to the 12 cc. mark. 
This makes a dilution of 5 per cent metycaine which should be thoroughly 
mixed by agitating the syringe. Each cubic centimeter then contains 50 mg. 
of metycaine. The 2 cc. of spinal fluid between the needle and syringe 
is then reinjected and an initial dose of usually 100 mg., or 2 cc. of metycaine, 
is injected into the patient, with gentle barbotage. 

The state of spinal anesthesia is maintained by serial injection of the 
drug as the patient requires it. The average abdominal operation usually 
takes 50 mg. every 40 to 60 minutes. Contrary to the usual belief that all 


of the spinal anesthetic is neurogenically fixed in 20 minutes, we have been 


Fig. 2.—Improved caudal and continuous spinal needle (B-D) described in text. 


able to withdraw from 7 to 20 per cent of the total anesthetic injected over the 
entire operation in 10 cc. of spinal fluid after the surgery has been completed. 

Table III presents data obtained from chemical assay of the metycaine 
withdrawn in a representative series of cases selected from a study of 50 
spinal fluids. 

Most of the patients from whom the unused or unneeded metycaine was 
withdrawn from the subarachnoid space promptly regained motor activity 
in the lower extremities in 5 to 20 minutes afterwards. There were no 
postoperative headaches or complications in the above series. 


COMPLICATIONS IN THE TOTAL SERIES OF 5,150 CASES 
I. SPINAL DEATHS 
There were two spinal deaths in this series. One occurred in an elderly 
male, age 72, who was given 16 mg. of procaine for an amputation of 
a gangrenous leg. He died within three minutes after he was turned on his 
back without responding to resuscitation measures of vasopressor substances 
and oxygen inhalation with the gas machine. 


rhe second of these deaths occurred in a robust coast guardsman, age 32, 


who had been given 130 mg. of metycaine between the second and third 

lumbar spines for an hernioplasty. He suddenly developed a respiratory 

paralysis, progressive anoxemia and a cardiac failure beginning 12 minutes 

after the injection of the single-dose spinal anesthetic. Intratracheal intuba- 

tion was quickly performed and artificial respiration by gas machine with 

100 per cent oxygen was given for II minutes. Coramine and intravenous 
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TABLE III 
DATA OBTAINED FROM CHEMICAL ASSAY OF METYCAINE WITHDRAWN POSTOPERATIVELY 


(Gamma-02-methyl-piperidino -propyl benzoate-hydrochloride, Lilly) 
Samples from U. S. Marine Hospital, New York 
Metycaine 


Sample Other Found 
Name No. Date Markings (Gm. in Sample) 

Pigut, Anthony 1 114977 0.4153 
Pigut, Anthony 2 114977 0.0196 
Rubes, Anthony 1 5-3-43 114615 0.192 
Rubes, Anthony. 2 5-3-43 114615 0.0136 
Daly, Jos....: 1 4-14-43 112987 0.0785 
Daly, Jos...... 2 4-14-43 112987 0.0124 
Winslow, Wm... 1 4-28-43 114293 0.280 
Rodriquez, Ramon 1 3-24-43 111034 0.071 
Rodriquez, Ramon.. 2 3-24-43 111034 0.0154 
Olson, Peter 1 4-28-43 114390 0.396 
Olson, Peter. 2 4-28-43 114390 0.0226 
Pontza, V... 1 3-22 112970 0.0259 
Pontza, V.. 2 3-22 112970 0.065 
Fries, Jr... 1 3-29 112454 0.291 
Fries, Jr.... 2 3-29 112454 0.024 
Burton, Sally 1 3-5 109371 0.143 
Burton, Sally. 2 3-5 109371 0.006 
Hyer, Henry.. 1 4—7-43 113381 0.574 
Hyer, Henry... 2 4~—7~43 113381 0.096 
Hoffman, Carl. . 1 3-15-43 112675 0.353 
Hoffman, Carl 2 3-15-43 112675 0.062 
Ovis, B.... 1 3-18-43 111686 0.107 
Kimble, James... , : 1 2-25-43 110993 0.164 
Jaches, Jack.... , 7-29 118308 0.007* 
Murphy, Peter.... sae% 7-29 118304 0:00* 


*Spinal fluid for control. 


The patients in the above series are representative ones taken from a study of 50 spinal fluids. Six hundred 


milligrams of 5% metycaine was used in each syringe for all of these cases. 


Sample No. 1 contained the unused metycaine in the syringe and rubber tubing after the operation. Sample 
No, 2 contained the metycaine withdrawn in 10 cc. of spinal fluid after the operation—indicating that a con= 
siderable quantity of metycaine remains in the spinal fluid for at least one hour after the initial injection 
ephedrine produced no response. As a last resort, one-half cubic centimeter 
of 1 to 1,000 adrenalin was injected into the heart. 

After ten minutes with no cardiac function, as determined by clinical 
means, the patient suddenly developed a return to normal cardiat function, 
with a blood pressure return to preanesthetic 120/80 mm. of mercury. The 
operation was not performed and the patient was returned to his bed. 
Cardiac and respiratory function appeared normal but the patient never 
regained consciousness nor the use of any muscles innervated by the spinal 
nerves. The patient died on the fourth postanesthetic day, with a temperature 
of 41° C. Autopsy revealed anoxemia, and degeneration of both cortical 
and spinal cord nerve tissues. There was present around the origin of the 
spinal nerves 17 cartilaginous tumors attached to the spinal cord. The 
pathologic nature of these tumors could not be determined in several 
laboratories. 


Il. HIGH SPINAL ANESTHESIA 


High spinal anesthesia and total spinal anesthesia occurred in 42 cases 
of the 5,150 injected. Twenty-five of these were successfully managed 
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with artificial respiration through the positive pressure gas machine and 
injection of a vasopressor introduced intravenously in those instances in 
which there was some collapse of the vasomotor system. 

The drug used for most cases was 25 mg. of ephedrine sulphate. In a 
few of them intravenous glucose and saline, plasma, or whole blood was 
used to reestablish the vascular pressure. 

In the remaining 27 cases there was ascending intercostal and finally 
diaphragmatic paralysis. In these cases a Magill intratracheal tube was 


promptly inserted with great facility because of the relaxation of the 


patient’s lower jaw, larynx and vocal cords. One hundred per cent oxygen 
resuscitation was used until patient regained respiratory motor control. 
The Trendelenburg position of about five degrees was used in the cases 
which appeared to have an ischemia of the respiratory center. 
The onset of this complication is one that should be watched with constant 
diligence by the anesthetist. It should be promptly treated in the following 
order of precedence to the physiologic requirements of the patient: 


1. Maintain oxygenation of the blood through prompt intubation or 
100 per cent oxygen administered by artificial respiration with the gas machine. 

2. Maintain blood pressure with vasopressor substances, such as 25 mg. 
ephedrine or one-half cubic centimeter doses of I to 1,000 epinephrine injected 
intravenously. 

3. Place patient in a five-degree Trendelenburg position for ischemia of 
the respiratory center in indicated cases. 

4. Supplement circulating blood with intravenous administration of plasma, 
whole blood, and glucose and saline as indicated. 


We have noticed in some of these high spinal anesthesias a sudden rise in 
systolic blood pressure to between 165 to 250 mm. of mercury. If unde- 
tected, this temporary hypertension will suddenly and dramatically be replaced 
by total vascular failure. 

III. NEUROLOGIC SEQUELAE 

A. CRANIAL NERvE PAtsy.—Cranial nerve palsies have been reported 
in the literature as a relatively frequent complication of spinal anesthesia. 
In our series only one such instance occurred. The patient developed a 
complete paralysis of the right sixth cranial nerve 18 hours after a spinal 
anesthetic of 130 mg. of metycaine. The paralysis has now persisted for a 
period of two years, with very little improvement. From the clinical signs, 
there must have been some degeneration of the abducens nucleus. 

B. PerrepHeraL Nerve Parsy.—Three of the patients have developed a 
foot-drop, with some motor weakness in both lower extremities following spinal 
anesthesia. Two of these patients recovered completely in two weeks, but one 
of them, after two years, still has a motor weakness of the perineal muscles 
of the right leg. This patient was injected by an intern who produced con- 
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siderable trauma, with a bloody spinal fluid tap, in an attempt to insert the 
spinal needle. 

C. HYERTHESIA AND HyPERALGESIA.—In our series of 5,150 cases there 
have been 14 such cases, with diminished or painfully increased sensation of 
one or more nerve trunks. Most of these cases cleared spontaneously, but 
some of them required therapeutic regional nerve blocks with repeated 
novocain injections. 


IV. HEMORRHAGIC MENINGITIS 


This complication occurred in only one case, which required four attempts ‘ 


at lumbar puncture in order to produce a satisfactory anesthesia. For two 
weeks the patient had signs of clinical meningeal irritation with a leukocytosis 
of 14,000, and a high temperature. A therapeutic lumbar puncture was made 
and 15 cc. of bloody spinal fluid was removed. The patient greatly improved 
after the withdrawal of the bacteriologically negative spinal fluid. There can 
be no question but that the trauma caused by the multiple punctures caused the 
hemorrhagic meningitis. 


Vv. HEADACHE 


This complaint was mentioned to us by only one per cent of our patients. 
A few of them were completely relieved of the pain with ten grains of aspirin. 
However, six of our patients had persistent headache lasting two weeks, 
necessitating codeine and even morphine for relief. 


VI. MARKED FALL IN BLOOD PRESSURE 


These falls in blood pressure occurred in individuals in whom the level of 
anesthetic was permitted to go higher than the eighth thoracic segment. 
Apparently the blood pressure fall had a direct relationship to the number 
of white rami communicantes that were blocked and the anesthetic efficiency 
of the drug. 

Falls in blood pressure were successfully treated by one of the vaso- 
pressor substances, such as ephedrine, epinephrine or neosynephrin injected 
intramuscularly or intravenously, depending upon the needs of the patient. 
The Trendelenburg position of about five degrees was also useful in raising 
the pressure and delivering an adequate circulating volume to the brain and 
respiratory center. It is our plan to give a prophylactic injection of 25 mg. 
of ephedrine sulphate into the muscle at the time of anesthesia to the debili- 
tated patient. For the patient undergoing a major operation we gave a 
simultaneous prophylactic intravenous injection of five per cent glucose 
and saline, plasma, or whole blood during the course of the operation. 


VII. NAUSEA 


Nausea on the operating table is generally caused by: 
(1) Sympathetic pain from manipulation or pulling of the visceral organs. 
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(2) A rapidly falling blood pressure. 
(3) An increased peristalsis or some reverse action upon release of the 


parasympathetic vagal impulses with sympathetic block. 

Nausea may be combatted with blood pressure restorative measures when 
indicated, 100 per cent oxygen inhalations, and in severe cases (with adequate 
blood pressure) we used the administration of small quantities of intravenous 


sodium pentothal. 


VIII. POSTOPERATIVE DISTENTION AND ATELECTASIS 


This complication was seen as often, but in no greater incidence, than 
those cases associated with general inhalation anesthesia in our clinics. 


SUMMARY 

The recent advances in spinal anesthesia; namely, (1) the principle of 
continuous spinal anesthesia, with an improved method of administration ; 
(2) the addition of a more compatible supplement such as sodium pentothal ; 
(3) more careful selection of cases for the procedure have greatly increased 
the benefits of this method for both the patient and the surgeon; (4) uniform 
results obtained with both long and short acting anesthetic agents in properly 
selected cases; and (5) partial withdrawal of unused and unfixed spinal 
anesthetics after operation permits more rapid return of physiologic nerve 
function. 

The incidence of success for this method varies directly with the skill 
and experience of the anesthetist. There must be recognized that a permanent 
hazard exists in the administration of this type of anesthesia. For our type 
of service, the advantages far outweigh the disadvantages, with the result 
that spinal anesthesia has become our most reliable method of surgical 
pain relief, 




















FURTHER EXPERIENCES WITH ADRENAL CORTICAL 
EXTRACT IN THE TREATMENT OF BURN SHOCK 
JOHNATHAN E. Ruoaps, M.D., Winttiam A. Wourr, M.D., 
Henry SALTONSTALL, M.D., AND WALTER EsTELL Ler, M.D. 


PHILADELPHIA, Pa. 


FROM THE SURGICAL SERVICE, PENNSYLVANIA HOSPITAL, PHILADELPHIA, PA, 


In 1941 Rhoads, Wolff, and Lee reported favorably on the use of adrenal 
cortical extract in conjunction with plasma in a-group of seven burned 
patients. As this series was too small for satisfactory evaluation of the 
extract the study was continued until 1943. The results in this larger 
series have not fulfilled the promise of the earlier cases. They do not 
provide a satisfactory basis for the use of adrenal cortical extract in the 
routine treatment of shock following burns. 

The patients for the study were selected from a group of fifty-three 
admitted to seven Philadelphia Hospitals between September, 1942, and 
January, 1943 (Table 1). The criteria on which the selection was based are 
listed in Table II. A number of variations in the criteria were tried without 
significantly altering the results. 

The clinical management of the cases could not be completely standardized 
but insofar as it was possible the time table in Table III was followed. The 
local treatment outlined is not necessarily recommended by the authors. 
In fact, we now prefer open methods. It was followed because it repre- 
sented a standard form of practice when it was begun and because it was 
desirable to avoid changes in local treatment during the course of the study 
in order to maintain it as a constant factor. 

The plasma volume and total plasma proteins were calculated from 
serial determinations of the hematocrit and the plasma protein concentration 
as described in previous communications from the Pennsylvania Hospital." *: * 

In order to compare the results obtained in patients with burns of different 
extent and to average the results obtained in babies and large adults without 
greater weight to the larger individuals than the smaller ones the following 
plan was followed. 

At about the twelfth hour after the occurrence of the burn, the plasma 
deficit was calculated. Approximately this amount of plasma was then 
administered between the twelfth and thirtieth hour after the burn. The 
plasma deficit at the thirty-sixth hour was then calculated and the net increment 
in the circulating plasma between the twelfth and thirty-sixth hour was com- 
pared with the amount of plasma administered. Thus, if the net increment 
was 500 cc. and 1000 cc. had been transfused, 50% of the transfused 
plasma was considered to have been retained. 








* The work described in this paper was done under a contract recommended by the 
Committee on Medical Research, between the Office of Scientific Research and Develop- 
ment and the Pennsylvania Hospital. 

Submitted for publication November 25, 1943. 
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Name 


M.A.R. 
F.H. 
L.M. 
H.M. 
L.W. 


L.H. 


A.W. 
F.H. 
P.G 
W.S 
G.M. 
M.R. 
R.G 
J.A. 
GS. 
iP. 
J.B. 
D.C... 
WSS... 
I. 
M.R. 


Patients were selected for the study from Tabie I if they fulfilled the following criteria: 


Age 


ADRENAL CORTEX IN BURN SHOCK 


mos. 


mos. 


M 


M 
F 
F 
M 
M 
M 


M 


M 
M 


M 
M 
M 
M 
M 


M 
M 
F 

M 
M 
M 
M 
M 


TABLE I 
Referring Area of Burn 
Hospital (Per Cent) 

Germantown 10 
Phila. Gen. 40 
Germantown 20 
Univ. of Pa. 16 
Pennsylvania 22 
Pennsylvania 35 
Univ. of Pa. 35 
Pennsylvania 10 
Germantown 10 
Univ. of Pa. 40 
Pennsylvania 5 
Graduate 20 
Univ. of Pa. 5 
Pennsylvania 7 
Childrens 5 
Germantown 15 
Pennsylvania 10 
Pennsylvania 80 
Pennsylvania 7 
Univ. of Pa. 80 
Univ. of Pa. 8 
Pennsylvania 4 
Pennsylvania 15 
Pennsylvania 90 
Germantown 90 
Pennsylvania 12 
Childrens 11 
Graduate 10 
Pennsylvania 10 
Univ. of Pa. 10 
Childrens & 
Pennsylvania 12 
Germantown 90 
Germantown 12 
Univ. of Pa. 16 
Graduate 50 
Graduate 16 
Germantown 30 
Pennsylvania 10 
Germantown 45 
Pennsylvania 12 
Graduate 20 
Childrens 12 
Childrens 12 
Pennsylvania 8 
Pennsylvania 7 
Germantown 12 
Germantown 5 
Pennsylvania 7 
Pennsylvania 10 
Mercy 20 
Pennsylvania 8 
Pennsylvania 5 

TABLE II 


1. Atleast 8% of body surface burned. 
2. At least an eight-point rise in the hematocrit. (In some instances the normal had to be estimated 
from the value at which the hematocrit levelled off on the 3rd and 4th days.) 
3. Local treatment by a tanning method except for hands and face, and genitalia. 
4. Plasma transfusion between the 12th and 30th hour after the burn amounting to at least two- 
thirds of the estimated plasma deficit. 
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Local 

Treatment 
Tannic acid 
Tannic acid 
Tannic acid 
Tannic & gentian 
Gentian & silver 
Gentian & silver 
Gentian & silver 
Gentian & silver 
Triple dye 
Tannic & gentian 
Gentian & silver 
Open BR 
Tannic acid 
Gentian & silver 
Gentian & silver 
Triple dye 
Open R 
Gentian & silver 
Open R 
None 
Pickerell sol. 
Soda bicarb. 
Open R 
Gentian & silver 
Triple dye 
Open R 
Gentian & silver 
Gentian & silver 
Gentian & silver 
Tannic & gentian 
Gentian & silver 
Gentian & silver 
Tannic acid 
Gentian & silver 
Tannic acid 
Gentian & silver 
Gentian & silver 
Triple dye 
Open R 
Triple dye 
Gentian & silver 
Gentian & silver 
Gentian & silver 
Open R 
Open R 
Gentian & silver 
Pickerell sol. 
Triple dye 
Open & press. 
Gentian & silver 
Gentian & silver 
Gentian & silver 
Gentian & silver 


Adrenal 
Extract 
Eschatin 
Eschatin 
Upjohns 


Eschatin 


Eschatin 
Kendall 
Eschatin 
Eschatin 
Kendall 
Kendall 
Kendall 
Kendall 
Kendall 
Kendall 
Eschatin 


Eschatin 
Kendall 

Eschatin 
Eschatin 


Kendall 
Kendall 
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29 
20 
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TABLE III 


DIRECTIONS USED FOR THE ROUTINE TREATMENT OF PATIENTS HOSPITALIZED FOR BURNS 
IMMEDIATE: 
1. Draw 6 cc. of blood in a heparin tube 
2. Give morphine sulfate gr 14 (h) (this dose for adults only). 


3. If in shock start a 500 cc. plasma infusion. 


AS SOON AS CONDITION PERMITS: 
1. Cut clothes away from burn. 

2. Lift on to litter covered with sterile sheets and blankets. 

3. Move to operating room or special room for burns and débride (superficially) on the litter. 
Additional morphine gr 4 is often needed. General anesthesia is to be avoided. Wash the area 
gently with white soap and sterile water—lcose skin being peeled away. Then rinse with sterile 
saline solution. 

4. Start tanning at once. 

5. Transfer to a sterile bed covered with a canopy for regulation of the temperature. Temperature 
should be adjusted to about 80° F. 

6. If plasma has not already been started, set up a continuous intravenous infusion of equal parts 
of plasma and 5% dextrose solution and allow it to run at the rate of 100 cc. per hour for burns 
up to 15% of the body surface and 200 cc. per hour for larger burns. 

7. Continue tanning at \% hr. intervals until the surfaces are dry. 

g 2 
6th hour. Take another 6 cc. sample for hematocrit and plasma protein—adjust infusion to keep hematocrit 


below 55 or within 10 points of the original hematocrit (whichever is lower). 
12th hour. Obtain 3rd specimen. 
Calculate the plasma deficit estimating the patient's weight from the history and physical exami- 
nation and regulate the infusion so as to give approximately this amount between the 12th 
and 30th hour. 
18th hour. 4th specimen. 
24th hour. 5th specimen. 
30th hour. 6th specimen. 
36th hour. 7th specimen. Stop infusion if hematocrit is below 50. 
42nd hour. 8th specimen. 
48th hour. 9th specimen. 
3rd day. 10th specimen. 
4th day. 11th specimen 


All specimens are used for the determination of hematocrit and plasma protein concentration; an 
van den Bergh, N. P. N., serum COs and serum chloride are determined as indicated. 


ADRENAL CORTEX ADMINISTRATION 


The treated cases were given eschatin in doses of 10 cc. intravenously every six hours or the 
“whole extract of the adrenal cortex’”’ in doses of 10 cc. every two hours intravenously. In a few 
instances it was necessary to give certain of the doses intramuscularly. In the case of children the 
dosage was reduced but it was never reduced more than in proportion to the weight. 


The mean per cent retention for the treated series was 57% in terms 
of plasma volume as compared with 57% for the control series (Table IV). 
In terms of grams of circulating plasma protein the mean per cent retention 
for the treated series was 46% as compared with 57% for the control 
series (Table IV). 

The control series and treated series are compared with respect to age 
and extent of burn (Table V). It was difficult to compare them with respect 
to the depth of the burns because of the uncertainties of estimating this factor. 
However, the incidence of scalds as opposed to flame burns was not very 
different in the two groups. (Two due to hot water in the treated 
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group, and three due to hot water and one to hot creosote in the 
control group). 

Discussion.—The studies of Elkinton, Wolff and Lee? indicated that 
the tendency for infused plasma protein to disappear from the circulation 
had largely abated after 40 hours. The ‘period from the twelfth to the 
thirty-sixth hour was selected as being the period when adrenal cortical 
extract would be most likely to exert a demonstrable influence. In the 
earlier paper the period from the eighteenth to the forty-second hour was 
used. Recalculation of these data on the basis of the twelfth to thirty-sixth- 
hour interval showed that the seven treated patients in the earlier group 


TABLE V 
Control Received Adrenal Cortex 
Average age....... Waters ; . 18 yrs. 29 yrs. 
Average area of burn........ Perret ree ‘ gee 21% 26.8% 


retained 69% by volume and 57% by weight as compared with 57% by 
volume and 46% by weight for the present treated series. 

Two adrenal cortical extracts were employed in the present study. The 
results obtained with the extract used in the earlier series averaged 62% 
retention in cubic centimeters as compared with 46% retention for patients 
treated with an extract especially rich in those steroids which are important 
in carbohydrate metabolism (furnished through the courtesy of Dr. E. C. 
Kendall). Calculated in grams the retention was about the same for 
the two extracts. 

It was suggested that adrenal cortical extracts might influence the 
early loss. An attempt was made to start administration of the extract 
shortly after admission of the patient. Table VI gives a comparison of 
the per cent of total plasma lost (per 1% body surface burned) in the first 
12 hours for the various groups. It does not indicate any clear advantage 
in this respect for either of the extracts emploved. 


TABLE VI 


LOSS OF PLASMA IN PER CENT OF NORMAL DURING THE FIRST 12 HOURS DIVIDED BY THE AREA OF THE BURN 
IN PER CENT OF BODY SURFACE 


Control Eschatin Whole Extract 
% plasma vol. per 1% area Q% plasma vol. per 1% area % plasma vol. per 1% area 
2:8 2:3 2.4 


There is some evidence that adrenal cortical extracts may affect capillary 
permeability under certain experimental conditions Vallee and Menkin.* 
Heuer and Andrus’ found that the combination of adrenal cortical extract 
and plasma seemed more effective in combatting shock due to the intravenous 
injection of the contents of an obstructed intestinal loop than plasma alone. 
Adrenal cortical extract was shown to decrease the loss of plasma volume 
that accompanies ether anesthesia by Ragan, and his associates.® 

Adrenal cortical extracts have been employed in the treatment of burns 
at various stages by Wilson, Rowley, and Gray,? Scudder,’ Einhauser,’ 
Ivory,’® and Elkinton,"! with favorable clinical results. Most of these authors 
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used it after the period when burn shock is most severe. The present study 
is not concerned with its effect on toxemia nor can it be concluded from the 
present data that there may not be occasional cases in which it would be 
helpful in burn shock. However, the present cases do not indicate that it is of 
value for routine use in the management of burn shock. As better methods of 


following plasma volume in patients become available it is hoped that further 


studies may be made. Present conclusions apply only to the dosage level 
employed. The doses used were comparable to doses recommended in the 
treatment of addisonian crisis. 


CONCLUSIONS 
Twelve patients with extensive superficial burns who received adrenal 
cortical extract did not retain plasma given by transfusion any better than 
did 13 control patients who received no extract. The local treatment con- 
sisted in tanning of all areas except hands and face and genitalia by one of the 
commonly used agents. 
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USE OF ONE FLAP TO RESTORE EXTENSIVE LOSSES OF THE 
MIDDLE THIRD OF THE FACE* 
Masor Artuur J. Barsky, M.C., U.S.A. 


FINNEY GENERAL HOSPITAI 


THOMASVILLE, GEORGIA 


THE PURPOSE Of this article is to present a simplified method for restora- 
tion of extensive losses of the middle third of the face, those involving the 
nose, upper lip and cheeks. Although the use of a forehead flap is a standard 
procedure for the repair of smail losses, the use of a single flap in exactly 
this manner for such extensive losses of the face has not hitherto been 
reported, so far as I have been able to ascertain. 

The method here advocated is not only the simplest and easiest one but 
also the quickest and most expedient. It would appear that a low forehead. 
necessitating extension of the flap up into the hairy area of the scalp, might 
be a contraindication to use of the method. However, a variation of the 





\ 


2 Fic. 3 
Fic. 1.—Precperative photograph, right profile. Fic. z—Preoperative photograph, left profile 
Fic. 3.—Preoperative photograph, front view. 


Fic. 2 Fic. 


procedure will be described so that part of the hairy scalp can be utilized 
in the male. 

The patient, age 43, had sustained a gunshot wound to his face some 
months prior to his admission to the hospital. There were by that time 
no open wounds anywhere. Extensive loss of the middle third of the face 
was involved (Figs. 1, 2 and 3). The entire nasal appendage had been 
destroyed, the upper lip was gone, the cheeks were obliterated from the 
level of the occlusial plane of the teeth upward to the malar bone. The entire 
maxilla was absent except for its most posterior portion, together with a 
small remnant of the hard palate containing only the second and third molar 
teeth on the left side. There was a remnant of the mucobuccal fold adjacent 
to these teeth on the left side. On the opposite side of the palate (the right ) 





* Submitted for publication with the permission of the Surgeon General of the 
U. S. Army and the Medical Director of the U. S. Veterans Administration. 
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the remnant of the cheek was adherent to the existing portion of the maxilla in 
the region of the maxillary condyle. As can readily be observed from the photo- 
eraph, the turbinates were exposed, markedly engorged and reddened. A frag- 
ment of the posterior portion of the nasal septum was present. From the angle 
of the mouth backward on each side there was a remnant of mucous membrane 
which was everted and attached to the scarred skin of the face. 
Fortunately, the orbital floor on either side had not been obliterated 
and there was, therefore, no disturbance of vision. But other functions fared 


less well. The olfactory and gustatory senses appeared to be depressed. 


Fic. 4 Fic. 5 





Fic. 4.—The study model with the restoration built up in plastocene. 
Fic. 5.—Plaster impressicn of the plastocene restoration. 


The patient stated that food seemed tasteless and that he had difficulty 
in discriminating odors. Prior to insertion of a denture, speech was markedly 
affected ; indeed, it was scarcely intelligible. There was marked improvement 
in speech after the denture was inserted and a still further improvement 
when the forehead flap was migrated into place. 

The phenomenon of deglutition could be observed rather closely, and it 
was highly interesting to watch the movements of the soft palate and pharyn- 
geal wall through the nasal chamber. The sphincter-like action of the 
velopharyngeal closure could be followed closely. The superior constrictor 
of the pharynx moved the posterior pharyngeal wall forward while the velum 
rose. The actions appeared to be not quite simultaneous, the constrictor move- 
ment starting very slightly in advance of the movement of the velum. When 
the velum had come into contact with the posterior pharyngeal wall, thus 
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effecting a closure, the sphincter-like action continued for a brief interval to 
make the closure even tighter. Viewed from above, this tightening resembled 
a pout. 
PLAN OF RESTORATION 

The first step in planning the restoration was to make a plaster cast 
of the face for study. Upon this study model, the proposed restoration was 
built up in modelling clay (Fig. 4). An impression was then taken of the 
proposed restoration to provide a negative (Fig. 5). <A thin coating of 
latex rubber was poured into the negative mold and permitted to dry. When 






Fic. 6.—The latex pattern. Fic 
6 
Fic. 7.—The latex pattern, : 
laid out on the flat. Fic 
Fic. 8.—Alternative method . 
of flattening the pattern which Fic 


avoids a Iong, narrow flap in 
the columellar region and 
midportion of the lip. 





it had dried completely, the latex was peeled from it. In this way the 
actual contour of the final restoration was obtained through a latex rubber 
pattern which could be flattened out (Fig 6). 

An extra latex pattern, heavier than the first, was fashioned and colored 
to match the patient’s skin. This was worn by the patient as a mask, held 
in place by an elastic band placed around the head. It provided a far more 
satisfactory and comfortable dressing for the patient than had the gauze 
previously worn, and attracted less attention. The patient, who had showed 
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signs of depression over his unhappy condition, became more cheerful and 
comfortable when the latex pattern was provided as a mask. He then went 
freely about the hospital and made no attempts to shun people. 

The next step in planning was to take actual measurements of the 
first latex pattern, and this could be done only be reducing the pattern itself 
from a three-dimensional to a flat two-dimensional surface. Accordingly, 
the pattern was cut from the free margin of the lip to the floor of the 
nostril on either side of the philtrum (Fig. 7). (Figure 8 shows an alternate 
method of flattening the pattern). Precise measurements of the flap were 
then taken and the flap itself reproduced in an exact tinfoil duplicate 
which could be boiled and utilized. at the operative field. By placing the 
flattened pattern on the patient’s forehead, it could instantly be determined 
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A B 
Fic. 9.—The broken lines indicate the incisicn for the forehead flap. Note the 
bridge of unincised skin in the glabella region. While not absolutely essential, the 
bridge will prevent possible disaster through circulatory insufficiency. 


whether or not the forehead was high enough to be utilized without en- 
croaching upon the hairline. In this case the forehead was adequate. 

The plan selected in this particular case involved utilization of a double 
pedicle flap from the forehead, encompassing practically the entire fore- 
head between the level of the eyebrows and the hairline, with a pedicle on 
either side in the region of the temple. This flap was to be lined with skin 
and-later migrated, maintaining both pedicles and being swung downward to 
the proper level just as the visor of a medieval armored helmet would be 
brought down. The nose could then be shaped-up by exactly reversing the 
procedure which had been used to flatten the latex pattern, in other words 
could be built up from two to three dimensions and supported by a denture 
and nose piece. 

ZXECUTION OF RESTORATION 


All the operative procedures were carried out under local anesthesia, the 
anesthetic of choice being two per cent procaine with a few drops of 1 to 


1.000 adrenalin chloride per ounce of procaine. 
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At the first operation, the forehead flap was formed and lined. Figures 
g A and B show the outline of the incision. The tinfoil pattern was placed 
upon the forehead in the proper position and the inci. ions made as shown in 
the sketch. It will be noted that a bridge of unincised skin was left in the 






Free skin graft 
linise flap 


Free skin graft 
covering 
donor area 


Fic. 10..—The forehead flap has been undermined throughout its 
extent and a free skin graft, taken frcm the abdomen, lines the flap, 
and ccvers the donor area. 






Free skin graft 
wrapped about 
stent mold 





Fic. 11.—Buccal inlay to provide retention for the denture: 


A. The broken line indicates the incision in the region of the maxillary condyle on the right side 
The incision had to be carried up beyond the bulge. 

B. The free skin graft wrapped, raw surface cutward, around the stent mold and inserted in the 
pocket to form a new gingivobuccal gutter. 


glabella region to transmit the angular arteries and veins in order to insure 
against circulatory failure. This bridging may not be absolutely essential 
but it does afford security and certainly avoids possible disaster through 
insufficient circulation. The entire area between the incisions was undermined 
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and the flap raisea up. The pedicles in the temporal region on each side 
were tubed. 

The flap was lined at this operation and the donor area skin-grafted at 
the same time, Tyo intermediate thickness skin grafts about the size of 
the pattern =~ *-'en from the abdomen. One skin graft was placed over 
the wuor area, trimmed to shape, and the edges of the graft sutured to 
the margins of the dunor area. The other skin graft was inserted beneath 
the flap so that its cut surface was in contact with the under surface of the 
flap, thus providing a lining. The edges of this second graft, after they 


were trimmed, wer: Sutured to the margins of the flap. 
























SRP ics st 


NTA 








Fic. 12.—The denture in situ. The forehead flap is ready to be 
migrated. The lining of the flap and the covering of the fcrehead have 
entirely healed and the bridge of skin in the glabella region has been 
severed. 
Molded moistened sterile absorbent cotton covered with vaselined gauze 
(Fig. 10) was inserted between the lining of the flap and the free skin 
graft covering the donor area. The flap itself was carefully covered with 
a pressure dressing. After ten days, the dressing was removed; the grafts 

both flap lining and donor area covering—had taken in toto. All the 
sutures were removed and a pressure dressing reapplied. 

Several weeks were permitted to elapse so that the flap might con- 
solidate firmly. During this interval, the problem of the prosthesis was 
attacked and solved. One perplexing point in regard to the prosthesis was 
the matter of retention. Complicated methods had to be rejected since it 
was felt that a prosthesis should be so simple in design that it could be 
inserted and removed for cleansing by the patient at will. Furthermore, it 
should be of such construction that it could be repaired by any competent 
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dentist. Much thought and study were given to these requisites. It was 
finally decided that some method of retention should be provided on the 
patient’s right side. Retention on the left side could consist of simple dental 
clasps about the two remaining teeth on that side of the maxilla. However, 
adherence between the remnant of the maxilla, its condyle, and the scarred 
remainder of the cheek, presented a stumbling block. This obstacle was 
overcome by resorting to a buccal inlay in that region so that the basic denture 
might encompass the condyle of the maxilla for retention on the right side. 

Prior to the second operation itself, the basic denture was constructed of 
acrylic resin. It consisted of a palatal portion with clasps on the left side 
for the two surviving molars and a small rim anteriorly to fit over the 
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Fic. 13.—The flap has been migrated and su 
tured to the upper margin cf the defect. 


free edge of the palate and extend very slightly on to the floor of the nose. 
The right side of the denture was cut away and an addition to it was to 
be molded at the time of operation. 

It was important to construct the denture and to fit it properly prior to 
migration of the flap not only because it would actually be difficult to take 
an impression and fit a denture once the flap was migrated, but also because 
it was desirable to have the denture in place so that the flap might rest against 
it and to some extent be immobilized. 

At the second operation, the buccal inlay was performed. But first 
the bridge of skin in the glabella region was severed, the lining of the flap 
sutured to the covering, and the incision in the donor area closed. An 
incision was then made between the cheek and the condyle of the maxilla, 
extending upward well beyond the bulge and also posteriorly beyond the 
rounded eminence (Fig. 11 A). Stent was molded into this cavity and 
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an epidermic skin graft, taken from the thigh, was wrapped, raw surface 
outward, about the mold, which was inserted into the cavity and sutured 
into place (Fig. 11 B). However, before the skin graft was sutured into 
place, the denture was inserted and stent molded in the cavity and attached 
to the denture. Denture and attached stent were removed in one piece. 
This provided a means of obtaining an extension of the denture into the 
newly created pocket. (Stent and denture were reproduced in one piece 
so as to be available after skin graft had taken). About five days after 
the insertion of the skin graft, the mold was removed, the graft found to 





Fic. 14.—The migrated flap, sutured alcng its upper margin, 
is supported by the denture, which prevents it from falling 
backward. 


be viable, and the denture with its extension up into the newly created 
buccal fold was at once inserted. 

This early use of the denture prevented contraction of the graft and 
majntained the new sulcus. The denture required minor adjustment from 
time to time. However, the patient persisted in using it and, finally, an 
excellent sulcus was obtained with good retention for the basic denture 
(Fig. 12). 

At the third operation, the pedicles on either side were lengthened. The 
upper border of the flap was freshened, and the two layers (lining and cover- 
ing) separated for a few millimeters. An incision was made beginning on one 
side in the malar region and extending across the upper margin of the defect 
to the malar region of the opposite side. This incision provided two edges, 
the outer of which was sutured to the skin covering of the flap, and the 
inner sutured to the lining of the pedicle (Figs. 13 and 14). 
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The flap healed rapidly in its new position and, after an interval of 
about three weeks, one pedicle was severed and the flap sutured to the 
cheek in layers (fourth operation). Then, after a similar period, the pedicle 
on the opposite side was severed and treated in the same manner (fifth 
operation). In each instance the remnant of the pedicle which had _ been 
tubed was opened up and returned to the forehead. 

At this stage the nose piece of the prosthesis was attached to the denture, 
Various types of joints and unions were considered, but here, again, com- 
plicated arrangements were discarded in favor of a simple direct fusion 








qanneee Drs 
» 
. 





Fic. 15. Fic. 16. 

Fic. 15.—Trimming the flap to form the nose. This is similar to Figure 7. The central portion 
of the flap c and p will form the columella of the nose and the philtrum region of the upper lip 
respectively. The porticns of the flap a on each side will be brought medianward to meet ~. This step 
is the direct reverse of flattening the pattern. Reference to Figure 8 as an alternative method is 
suggested, for this will avoid the long, narrow flap cp. 

Fic. 16.—The nose has been formed, the lip flaps a have been united to the philtrum b to form 
the upper lip. The vermilion border flap on each side, indicated by the broken line contigucus to the 
angle of the mouth on each side, will be raised up and migrated to the lower margin of the restored 
upper lip, which is freshened to receive the flaps. 


of the nose ptece with the denture itself. The nose piece, like the denture, 
was constructed of acrylic resin. 

At the sixth operation the flap was trimmed to form the nose. Reference 
to Figures 7 and 15 will clarify this step. Vertical incisions were made 
in each side about three-eighths of an inch from the midline of the flap 
beginning at the lower free margin. These incisions extended vertically 
upward for a distance equal to the normal height of the lip. Here began 
elliptical incisions to form the alar rim, curving first inward and upward, 
then outward and downward. At a point which would be somewhat medial 
to the lateral limit of the alar attachment, the incision turned sharply and 
descended vertically to the free margin of the lip. The portion of the lip 
thus excised approximated roughly in shape the head of a golf club and a 
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portion of its thickened shaft. The central part of the pedicle now cor- 
responded to the philtrum and the point where the curve began represented 
the beginning of the columella. The oval or elliptical portion of the excision 
corresponded to the alar rim. Along this site, the covering was sutured to 
the lining, thus forming the nose, and the continuity of the lip brought about 
as shown in Figures 15 and 106. 

About one month later, the final operation was carried out. At this 
stage the vermilion border was restored to the reconstructed lip. This 
border was taken, in the form of hinge flaps, from the mucous membrane 
which extended along the edge of the defect immediately contiguous 
to the angle of the mouth. The pedicle of the flap remained at the angle 


Fic. 17.—The migration of the vermilion border 

flaps completed and the oral fissure reduced to 

normal size. 
of the mouth, while the incision extended laterally from this point along 
the junction of the skin and mucous membrane backward for a distance 
equivalent to half the width of the upper lip (Fig. 16). The lower border 
of the reconstructed upper lip was pared, the vermilion flaps migrated so 
that their distal extremities met in the midline, and the vermilion border 
flap sutured into place in the reconstructed lip (Fig 17). Figures 18, 19 
and 20 show the reconstruction—final stage. Figures 21, 22 and 23 
show various views of the denture. 

The method here described can, with but little modification, be utilized 
either for more extensive losses—that is, those of greater height than the 
loss herein encountered—or else for those cases where the forehead itself 
is exceedingly low. In the latter case, the necessity for encroaching on the 
hair-bearing scalp is at once apparent. If such a hair-bearing flap were 
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Fic. 19 Fic. 20 





Fic. 18.—The completed restoration, right profile. 
Fic. 19.—The completed restoration, left profile. 


Fic. 20.—The completed restoration, front view. This photograph was taken shortly after oper- 
ation. In time the flap will drape itself about the supporting nose piece so that the nasofacial angle 
will become sharper. The upper lip has a somewhat backward tilt. This can be ccrrected by a revisior 
or an Abbé-type of operation. 


Fic. 21 Fic. 22 Fic. 23 





Fic. 21.—The prosthesis, front view. The entire prosthesis is made of acrylic resin in one piece, 
the nasal portion being perfcrated so that it is possible to breathe through the nose. 

Fic, 22.—The prosthesis, side view. One great stumbling block in restorations of this type is the 
fact that if the oral opening is made large enough to permit insertion and removal cf the prosthesis 
at will, appearance is sacrificed, while if the opening is smaller, appearance is better but difficulty is 
encountered in inserting and removing the denture. 

Fic. 23.—Posterior view of the denture. Note the rim which extends upward to rest on the 
anterior margin of the palate defect. 


migrated in the manner described herewith, the hair-bearing skin would 
be close to the lower eyelids and the root of the nose. This may be 
avoided by transposing the flap (Fig. 24). The double pedicle flap is 
made and lined in the usual manner. However, instead of being migrated 
in visor-like fashion, one end of the pedicle can be severed and transposed 
so that it is migrated to the cheek on the same side as that of the undisturbed 
pedicle. When the migrated end has healed, the remaining forehead pedicle 
may then be severed and transposed to the opposite cheek. In this way, 
the hair-bearing skin will be brought down toward the upper lip and cheeks, 
thus simulating the hairy area of the upper lip in the male subject. In 
the female patient, epilation by irradiation or by needle is theoretically 
possible but is not recommended. If it were absolutely necessary to extend 
the flap up into the hairline, the hair follicles could be destroyed surgically 
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by shaving them off on the under surface of the skin at the time the flap 


was undermined. 


Fic. 24.—A method of reversing the flap so that, in the male subject, if unavoidable, the 
hairy portion of the forehead may be utilized and will form the mustache. 

A. The outlines of the flap extending into the hairy scalp. 

B. The left side of the flap migrated to the right side of the defect. 

C. The migration completed. The hairy portion cf the scalp has been brought down to the 
region of the upper lip where it will form a mustache. 

The alternative method of forming the nose, as shown in Figure 8, should be used to 
avoid hair-bearing skin in the columella 


SUMMARY AND CONCLUSIONS 


In general, one-case reports are likely to be inconclusive in nature, but it 
is quite evident that the method presented here is entirely workable. While 
it is readily conceded that the result shown may leave much to be desired, 
it cannot be denied that the method offers the simplest and easiest solution 
to the problem of repairing an extensive and hideous type of disfigurement. 
Since it is to be expected that similar wounds will be encountered in the 
future, the report is presented at this time in the hope that it will be useful 
and may serve as a basis for a more or less standardized method of repair 
for this type of disfigurement. Further experience will no doubt lead to 
improvements both in technic and in result. For instance, the flatness or 
backward tilt of the upper lip may be corrected by a transplantation from the 
lower lip (the Abbé operation). 
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PARTIAL FUNDUSECTOMY (PROXIMAL GASTRECTOMY)* 
REVIEW OF 24 CASES 
F. Grecory CoNNELE, M.D. 


Osuxkosn, Wis. 


THIS COMMUNICATION is primarily a “follow-up” on the case of recurrent 
intractable duodenal ulcer treated by partial fundusectomy (proximal gas- 
trectomy ) on December 14, 1931, and reported in ANNALS OF SURGERY, for 
August, 1932.1 A synopsis of the above report follows: 


Case Report.—H. P., married, male, millworker, age 24. Referred by Dr. T. D. 
Smith, of Neenah. 

Chief Complaint: First seen in September, 1931, with typical symptoms of duodenal 
ulcer, increasing in severity, with recent vomiting, weight loss and night pain. Onset 
about six months previously, following a 15-months symptom-free interval after a 
second stomach operation. 

Previous History: “Rheumatism ever since a baby.” At about ten years of age, 
for one year was invalided because of “heart disease.” When 19 years of age “acute 
rheumatic fever’ followed by tonsillectomy. Gastric symptoms developed suddenly at 
age 21. After about six months of typical duodenal ulcer history acute perforation 
occurred on May 4, 1928. Celiotomy, with closure of acute perforation of duodenal 
ulcer and a gastro-enterostomy (Dr. C. J. C.) was performed. This was followed by 
a symptom-free period until return of gastric symptoms in June, 1929. Medical and 
dietary management was not successful and, in August, 1929, an acute massive heme- 
temesis occurred. At this time “acute endocarditis” was diagnosed. In September, 
1929, roentgenologic examination revealed a deformed duodenal cap, with the stoma 
patent and functioning. One month later a second, and in December, 1929, a third 
acute massive hemetemesis occurred. 

In January, 1930, a second celiotomy was performed in which a jejunal ulcer was 
excised and a gastro-enterostomy taken down (Dr. C. J. C.). This operation 
was followed by a symptom-free interval to March, 1931. 

Family History: Father dead because of “stomach ulcer.” Mother living after 
operation for gallstones. Brothers—four. Two dead: one due to “flu,” the other from 
“stomach ulcer.”” Two living, one after gastro-enterostomy for “stomach ulcer.” One 


“ 


with “stomach ulcer.” Sisters: Two living after gastro-enterostomy for “stomach ulcer.” 

Physical Examination: Practically negative except for evident weight loss, tenderness 
in epigastrium and right hypochondrium and hypotension. Laboratory findings: Secondary 
anemia. Test meal: High acidity, with no retention. Roentgenologic examination: Duo- 
denal cap deformed, but no retention. Diagnosis: Recurrent duodenal ulcer. 

In December, 1931, a third celiotomy, during which a partial gastric fundusectoms 
(Fig. 1) was performed (Dr. F. G. C.). 

The “follow-up” since the operation in 1931, and the report in 1932, may be 
summarized as follows: 

The patient has met with many psychic and physical traumata, some of which have 
been at times suggested as exciting factors in the development of peptic ulcer, such as 
loss of job, financial reverses, improper and inadequate food with “overwork and 
worry,” various illnesses, accidental injury to hand, with infection, deformity and crippling 
loss of function, leading a year later to amputation of a finger, serious abdominal and 
cranial trauma with shock, and minor accidents and infections. All without evidence io 
date (after 12 years) of recurrence of peptic ulcer. 





* Submitted for publication June 1, 1943. 
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Fic. 1.—Resection of fundus of stomach in treatment of peptic ulcer. 


In January, 1932, a nontoxic adenoma of the thyroid was discovered. He presented 
no gastric symptoms, and the first postoperative test meal showed free hydrochloric 
acid 0, total acid 37, with no retention. 

In June, 1932, the patient experienced a recurrence of his “endocarditis,” but with 


no gastro-iftestinal complaint. 
In July, 1932, a barium meal revealed a deformed duodenum, with stomach returned 
to seemingly normal size and position. Scar of fundusectomy is seen as a defect 
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in the greater curvature. The second postoperative test meal revealed free hydro- 
chloric acid 0, total acid 40, with no retention. 

In November, 1934, for about a week, he had an attack of “flu,” with “heart 
palpitation,” temperature and constipation. A third postoperative test meal showed a 
normal curve for free hydrochloric acid 37, total acid 58, with no retention. Barium 
meal: Same as at previous examination. 

In December, 1934, an accident to his hand resulted in a severely infected left 
index finger, with lymphangitis. In November, 1935, this finger was amputated 
because of deformity and loss of function. A fourth postoperative test mea! showed 
free hydrochloric acid 19, total acid 36.5, with no retention. 

On June 15, 1937, a bursting emery wheel caused severe injury to his abdomen, 
face and skull—shock, abdominal pain, tenderness, muscle spasm, rigidity, with lacera- 
tions, contusions and abrasions of abdomen, face and scalp. Recovery was prompt, and 
he was discharged from the hospital on June 22, 1937, with no abdominal symptoms. 

In September, 1940, report by Dr. T. D. Smith: “Working daily in foundry. Gain 
in weight, no stomach symptoms.” 

In August, 1941, he had an attack of so-called “stomach flu,” followed by recovery 
in a week. Other members of the family complained of same symptoms. 

In September, 1941, after vacation hunting, fishing and over exertion, he experienced 
with no digestive disturbance. 


’ ’ 


“distress” in epigastrium, not a pain, only “soreness,” 
Relief followed a few days of rest and counter irritation. A fifth postoperative test 
meal showed free hydrochloric acid 20, total acid 60, with no retention. Roentgenology 
showed same as at previous examinations. 

In November, 1942, Doctor Smith reports: “Auto accident on hunting trip in 
north woods. Complaint of abdominal pain of a few days duration.” In February, 
1943, “Hospitalization with infected hand, temperature, chill, cellulitis. No abdominal 
or gastro-intestinal symptoms.” In July, 1943, “Continued absence of gastro-intestinal 
symptoms. The patient is at work daily and considers himself well.” 


The postoperative elapse of time and unfavorable conditions and cir- 
cumstances since the operation in 1931, in this case, would serve as a real 
test for the method of treatment. But before any evaluation of results may 
be attempted, many more cases must, of course, be studied. 

Since December, 1931, I have records of 24 cases in which partial fundu- 
sectomy (proximal gastrectomy) has been carried out. In 1938 the results 
in 14 cases (the longest postoperative interval at that time was six years) 
were reported.” 

In 1935 additional cases were included in a discussion® of “The Problem 
of Intractable Peptic Ulcer.” 

In the 24 cases there were two deaths; one on the 14th postoperative dav 
due to uremia; the other, after return of symptoms and reoperation on? 
year later, at which time additional fundus was removed. Death followed 
on the 8th postoperative day, due to ileus under an adhesion at the site of a 
previous appendicectomy. In two cases the remote result is unknown. Of 
the remaining 20 cases, I9 have been symptom-free. 

The unsatisfactory result (an intractable case with a history of three 
previous celiotomies) was operated upon September 24, 1938.° In this case 
the symptoms, returned in about six months, and an acute massive heme- 
temesis necessitated another operation November 20, 1939, at which time 
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an old duodenal ulcer (probably present at the time of the previous opera- 
tion for jejunal ulcer) was removed and a pyloroplasty performed. Conval- 
escence was uneventful, and since then the patient has remained entirely 
symptom-free and is at work daily. 

Clinically satisfactory results in 19 cases have occurred, despite return 
to normal hydrochloric acid secretion and return to normal stomach size, 
tonicity and motility in five cases that have been checked by test and barium 
meals. Such return to normal gastric function was found to occur experi- 
mentally by the writer,* Watson,® Seely and Zollinger,® Fauley and Ivy,’ 
and Zollinger.6 The postoperative interval was over ten years in four 
cases ; between ten and five years in seven cases; four years in one case; three 
years in two cases, two years in three cases, less than one year in two cases. 

In an attempt to evaluate these results, it is well to remember that each 
case was very complicated, and definitely intractable. The appendix had been 
previously removed in 18; gastro-enterostomy had been performed in nine 
cases ; cholecystostomy in one; taking down of a gastro-enterostomy in three 
cases; acute perforation had been closed once in eight cases, and twice in 
three cases ; acute massive hemetemesis had occurred in three cases ; combined 
jejunal and duodenal ulcers in one case; “kissing” duodenal ulcers in one 
case and gastrojejunocolic fistula in two cases. ‘Under these unfavorable cir- 
cumstances the results are definitely encouraging. 

This series of 24 cases is, of course, too small and the postoperative elapse 
of time since December, 1931, is too short (recurrences after ten or more 
years are not uncommon) to make the results of practicable statistical value. 

This report is being made with the aim of encouraging others to give 
this method a trial in the management of suitable (7.e., intractable nonobstruc- 
tive) cases of duodenal ulcer. 

If these results can be confirmed by others in larger numbers, it would 
seem to call for favorable consideration, before performing the presently 
accepted distal gastrectomy, which is based upon the unproven Edkin’s theory,’ 
and results in serious interference with normal gastro-intestinal function. 
This more formidable procedure may, if necessary, be carried out at a later 
time. 

These cases were instructed to continuously and permanently avoid 
tobacco, alcohol and salt, and to take frequent feedings in small amounts, 
of no special diet. 

Such a regimen is advisable after any type of surgical treatment for 
duodenal ulcer, as the operation is but an incident, often a most important 
incident, between pre- and postoperative management. 


SUMMARY 
A review of the postoperative history in a case of partial fundusectomy 
(proximal gastrectomy), operated upon in December, 1931, and reported in 
\NNALS OF SurRGERY, of August, 1932, in which the result has been very satis- 
factory despite many unfavorable postoperative circumstances and conditions. 
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A review of 24 cases of intractable nonobstructive duodenal ulcer in which 


this type of operation has been carried out; two of which died and two were 


lost sight of. 


The clinical results in 19 of the remaining.20 were favorable, the other 


has remained symptom-free for three and one-half years after reoperation. 


The postoperative period is over ten vears in only four. 


This report is made with the aim of encouraging others to give this 


method a clinical trial in suitable nonobstructed cases of intractable duo- 


denal ulcer. 
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THE PEPTIC ULCER AND CHRONIC GASTRITIS* 
VincENT P. Couutns, M.D. 
New York, N. Y. 


FROM rHE SURGICAL PATHOLOGY LABORATORY OF COLUMBIA UNIVERSITY, NEW YORK, AND THE LABORATORY 
OF PATHOLOGY, NEW ENGLAND DEACONESS HOSPITAL, BOSTON, MASS. 


lr HAS LONG BEEN FELT by all who are interested in the pathology of 
the stomach that the common lesions of peptic ulcer and carcinoma are 
associated with changes throughout the gastric mucosa. The common term 
of chronic gastritis has been applied by the clinician, the pathologist, the 
radiologist, and the gastroscopist to a wide variety of findings, and each has 
developed a scheme of classification reflecting the position from which the 
evidence has been surveyed. The elements of inflammation, with congestion, 
edema, and cellular infiltration have been seized upon by all as of primary 
importance and have been woven into every definition and classification. 
\ccording to their varied interests observers have attempted to establish 
chronic gastritis as a diagnostic entity which may be present independent 
of other pathology. Some have theorized, or attempted to establish a 
relationship, between such an entity and the peptic ulcer or gastric carcinoma. 
That their efforts have fallen somewhat short of this goal is shown by the 
lack of correlation of findings and the lack of any clear-cut definition of 
chronic gastritis. This term is too well established in our vocabulary to be 
discarded, so it must be used, but an attempt is made to define its mean- 
ing clearly. 

This communication is a preliminary presentation of a project under- 
taken under Dr. Shields Warren, at the New England Deaconess Hospital, 
Boston, Mass., and continued under Dr. Arthur P. Stout, in the Department 
of Surgical Pathology at the Presbyterian Hospital, New York. Over 
a two-year period, a total of 213 surgically resected stomachs were examined. 
These specimens were resected for duodenal ulcer, gastric ulcer, gastric 
carcinoma, lymphosarcoma, or in the course of resection of the head of 
the pancreas. The material was obtained directly from the operating room 
and, avoiding all possible trauma due to handling or washing, fixed in Zenker’s 
fluid with five per cent glacial acetic acid or Bouin’s fixative. The number 
of blocks taken varied with the extent of the resection. There were seventeen 
charted sites in the complete specimen including terminal esophagus and 
duodenal bulb. 

Early in the present investigation it seemed apparent that if a relationship 
between chronic gastritis and peptic ulcer or gastric carcinoma was to be 
established, its basis was to be sought in changes in the epithelial elements 
of the mucosa, rather than in the inflammatory elements. Believing that these 


inflammatory manifestations, which have been adequately described by numer- 
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Fic. 1.—The appearance of minimal gross lesions. __ 7 
Fic. 2.—Stellate superficial ulcers, with communicating fissures on posterior wall 
of antral region. Pylorus and duodenum to the left. 
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ous investigators, are not of a specific type, and only roughly parallel the 
disease process, they will not be elaborated in any detail. 

In the callous peptic ulcer the continuity of all layers of the gastric wall, 
the mucosa, submucosa, and muscularis, is abruptly interrupted. The base 
of the ulcer is in dense fibrous tissue, frequently external to the muscle 
coat. Ehis lesion may heal but a permanent scar marks the site. Dense fibrous 
tissue fills the defect, and epithelium grows in from the margin, first, in 
a single flattened layer, then forming gastric pits and occasionally glands 
with chief and parietal cells. The elements are apt to be distorted with 
branching and dilated cystic forms. The muscularis and muscularis mucosae 
never completely regenerate. 


Fic. 3.——-Superficial ulcer limited by Fic. 4.—Almost healed mucosal ulcer, 
muscularis mucosae. with mucous plug. 

As gastrectomy has come to be more readily undertaken, the pathologist 
has encountered less typical lesions, but ones which differ from the callous 
peptic ulcer only in degree. They may penetrate only partly through the 
muscle coat, or only into the submucosa. They are attended by a commensurate 
degree of fibrosis and granulomatous reaction, and heal with minor scarring 
of the muscle coat and submucosa and some distortion of the mucosal elements. 


The ulceration may be limited by the muscularis mucosae. This lesion, 


particularly, has come under observation as a result of surgery undertaken 
early in the history of the ulcer patient or before prolonged medical super- 
vision has produced a remission of symptoms. Phlegmenous ulceration has 
been included in classifications of gastric lesions but this has frequently 
been applied to the extensive superficial erosions encountered at postmortem 
whether due to autolysis or a manifestation of a generalized overwhelming 
disease. The lesions here referred to are not always grossly evident until 
similar ones have first been identified microscopically. They are minute 
stellate, focal, or irregularly linear ulcerations (Fig. 1). Occasionally two 
or more small stellate lesions may be continuous through connecting fissures, 
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active or healed (Fig. 2). In microscopic preparations these are limited 
by the muscularis mucosae and covered by a thin zone of fibrinopurulent 
exudate and granulation tissue. The underlying submucosa shows some 
edema and a slight increase in fibrous tissue. The adjacent mucosa flows 
into the defect so that the gastric pits and glands are directed into the defect 
and he at right angles to their former position (Figs. 3 and 4). A mucus 
plug is commonly seen to fill the defect. 

These lesions are always multiple and when they heal the imprints persist. 
These have been found in every surgically resected: stomach examined. If 
the gastric mucosa be examined closely it will be observed that it has a 
pebbled or cobblestone character that is most marked in the pyloric region 
and along the lesser curvature. In the stomach of the chronic ulcer patient 
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Fic. 5.—Healed mucosal lesion or crypt. Fic. 6.—Healed mucosal lesion or crypt 
Note orientation of gastric pits. of lesser magnitude than Figure 5. 


this effect is marked. It is least evident when the pathology is minor, of 
short duration, or in young individuals. This pattern is due to a network 
of shallow fissures outlining mounds of gastric mucosa. When the pebbling 
is coarse the mounds of mucosa so marked out may have a central depression 
or fovea, so that they present an umbilicated appearance (Fig. 1). In 
sections active, healing, or healed stages may be encountered in serial 
blocks of a single fissure. In healing, the defect is not filled in by fibrous 
tissue but regenerating epithelium creeps across the base from the surface 
mucosa which dipped into the ulcer and formed its side walls. A crypt-like 
formation results, into which adjacent gastric pits are directed, and this 
configuration is not lost even when the regenerated epithelium recovers 
normal mucous secreting properties and some regeneration of pits and glands 
has occurred (Figs. 5 and 6). The term “crypt” will be applied to this 
configuration in which the surface epithelium dips to the region of the 
muscularis mucosae, and adjacent gastric pits and glands, losing their usual 
orientation, are deflected into the depression at right angles to the surface. 
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A series of finely graded lesions can thus be traced in retrograde fashion 
from the callous peptic ulcer to the minute mucosal ulceration. At no point 
in the series can a line be drawn to demarcate one lesion sharply from 
another. When a peptic ulcer is present it should, therefore, be considered 
only the most obvious example of multiple lesions involving the gastric 
mucosa. It would follow that the absence of a callous peptic ulcer in the 
presence of multiple lesser lesions does not materially alter the fact that 
such a specimen may still be an “ulcer stomach.” 

But these are not the minimal lesions to be identified on careful micro- 
scopic inspection of gastric mucosa. A further series of lesions, finely gradu- 
ated as to severity and size, can be identified within the mucosa. In order 
of decreasing severity, the first of these, considered to be the connecting 
link between the ulcerated and intramucosal lesion, is a focus of necrosis 
which occupies the full-thickness of the mucosa. There is an intense poly- 


te, 





Fic. 7.—Focal necrosis in gastric mucosa, Fic. &.—Necrosis of isolated gastric 


with polymorphonuclear leukocytic infiltra- glands, with polymorphonuclear leukocytic 
tion. infiltration. 


morphanuclear infiltration, with edema about a gastric pit and gland, or 
several of such units, which are undergoing degeneration and necrosis (Fig. 
7). It is suggested that the reaction may proceed to a break in the mucosa 
with the formation of the mucosal ulcer described, with either eventual hea!- 
ing resulting in the typical crypt, or if this does not occur, to a fully devel- 
oped callous peptic ulcer. Smaller foci of necrosis are more frequently en- 
countered involving only a single gland (Fig. 8). Polymorphonuclear 
leukocytes lie clustered about the gland, within the epithelium, and within 
its lumen. The epithelial cells and their nuclei are pyknotic and in the dis- 
integration of the gland may form an apparent syncytial mass. There may 
be an accompanying infiltration of lymphocytes and histiocytes of varying 
intensity. 
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Isolated glands which undergo degeneration without exciting a prominent 
inflammatory response may also be encountered. The pale outline of the 
basement membrane can be identified and the faint outlines of disintegrated 
chief and parietal cells from which nuclei have completely disappeared. An 
indistinct cluster of pale eosinophilic granules may identify the remnants 
of a parietal cell (Fig. 9). Other glands at a slightly earlier stage may 
demonstrate a vacuolar degeneration of chief and parietal cells with a 
loss of granule definition and a swelling, pyknosis, or disappearance of 
the nucleus (Fig. 10). That this is not an artefact or autolysis is evi- 
denced by the preservation of all cellular details of adjacent uninvolved 
glands. Parietal cells are well known for their ability to persist even in 
autopsy material, but even the chief cells, which undergo disintegration 
much more readily, can, in these adjacent glands, maintain cellular outline, 
cytoplasmic basophilic granules, and nuclear detail. In another alteration 
in gastric glands that is encountered with some frequency, the lining cells, 





Fic. 9.—Complete degeneration of iso- Fic. 10.—Localized degeneration of gas- 
lated gastric gland. tric glands. 


although well preserved are somewhat smaller than usual, crowded together, 
and have a pale cytoplasm so that they may bear a close resemblance either 
to the cells of the pyloric glands or to Brunner’s glands of the duodenum. 
In some examples a parietal cell or a chief cell may be interspersed among 
these relatively undifferentiated cells (Fig. 11). 

It is more difficult to trace the process of repair which must follow upon 
these intramucosal foci of necrosis and degeneration. It would seem that 
the more severe manifestations should leave some scar in resolution. This 
may be a focus of increased density of connective tissue resulting in some 
shrinkage and a depression of the surface mucosa to form an irregularity 
which falls short of the well defined crypt. The lesser lesions will leave 
proportionately less apparent scars. The vacuolar degeneration and disin- 
tegration of cells of a gland without an accompanying polymorphonuclear 
reaction may be the manner whereby the process of wear and tear disposes 
of exhausted gastric glands. Replacement may occur by regeneration from 
the neck region so that reformed glands are first lined by undifferentiated 
cells (Fig. 11). These degenerative changes are paralleled by a regenerative 
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response on the part of the germinal cells in the neck region. The degree 
of mitotic activity which may be quite marked in this region is roughly pro- 
portional to the severity of the degeneration and necrosis (Fig. 12). 

A series of changes has thus been outlined which proceeds by imper- 


ceptible stages from a phenomenon of degeneration and repair, which may 


well be a normal process, to the picture of the typical peptic ulcer. This un- 
interrupted series of lesions, which is primarily concerned only with the 
epithelial elements of the gastric gland, is proposed as the basis of chr mic 
gastritis. From this process the peptic ulcer cannot be separated. Chronic 
gastritis, so defined, cannot be thought of as a condition which may precede 
or be associated with the peptic ulcer but includes it. This conception of 
chronic gastritis makes it possible to interpret as part of a single process 
a number of findings which have previously seemed unrelated or contra- 
dictory. Since the peptic ulcer is not the sole or even, in the disease process, 
the most important lesion in the stomach of the ulcer patient, it makes 
understandable the common clinical experience of a positive symptomatology 


and a response to therapy in the absence of a proved diagnosis. 


Fic. 11.—Gastric glands lined by cells Fic. 12.—Mitotic activity in germinal 
which have not differentiated to chief and epithelium of the neck region between gas- 
parietal cells. tric pits and glands. 

Surgical material has not been adequate for an extensive study of duodenal 
mucosa. The portion of duodenal bulb resected is usually very short, and 
even this is apt to be in part destroyed by clamping, transection, and cautery. 
Not only is it difficult to throw new light on its pathology but misconcep- 
tions are preserved by the lack of any disproof. In the material available the 
complete series of changes observed in gastric mucosa has not been dem- 
onstrated. But some evidence for the presence of a similar process is en- 
countered. It is not uncommon to encounter foci where the mucosa is very 
thin due to the disappearance of Brunner’s glands. Here, the mucosa dips 
deeply to cover this defect and is separated from the muscularis only by a 
thin layer of lymphoid infiltration and a zone of fibrous tissue. This is com- 
patible with a healed superficial ulceration (Fig. 13). 

It should be apparent that equivalent mucosal lesions in stomach and 
duodenum may produce considerably different effects. The well formed sub- 
mucosa and thick muscular coat of the gastric wall are capable of concealing 
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a focal ulcer or cicatrization which in the duodenum will be capable of pro- 
ducing a deformity and interference with motility that might be readily 
identified by the radiologist. It is common experience in surgery and in 
surgical pathology that the surgeon resecting a stomach and duodenal bulb 
is convinced that he has resected a duodenal lesion identified radiologically, 
but on pathologic examination the presence of a lesion is not confirmed. 
The usual explanation is that the lesion remains in the inverted duodenal 
stump, or that it was destroyed in clamping and transection. The lesion 
sought for has been the typical peptic ulcer involving all coats of the 
duodenum. It is possible that minimal lesions may be present and overlooked, 
or ascribed to trauma or artefact. 
. The terms hypertrophic and atrophic are almost universally applied 
as descriptive of different types of chronic gastritis. The term hypertrophic 
is permissible in gross description, for mucosal folds may vary in size and 





whe 


Fic. 13.—Healed superficial lesion of duodenal mucosa, with absence of glands. 


thickness and the mucosa itself may appear to be of increased thickness. 
The term is frequently used with the implication of hyperplasia. If a grossly 
thickened mucosa be examined microscopically an increase in the number 
or size of glands is not found, nor would such a change be expected of glands 
as highly specialized as. those of gastric mucosa. In fact, no elements can 
be identified in the mucosa which are increased in number or volume beyond 
that in a section from a corresponding region of the stomach in a specimen 
not so thickened. The changes are very intimately bound up with edema, 
but this is of significance in the submucosa rather than the muscosa. The 
apparent thickening of the mucosa can be explained on a mechanical basis. 
The mucosa is normally bound to the muscle coat by the loose connective 
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tissue of the submucosa in such a manner that within a limited range it 
can be moved from side to side or elevated. If this submucosal space is 
filled by edema fluid then the fibers of connective tissue assume a more 
vertical disposition with the result that a given area of mucosa is reduced 
in size. The result is that the mucosa assumes a crenated pattern and hence 
appears, to be increased in thickness. The terra hypertrophic gastritis should 
be used only as a descriptive term, if at all, and with the realization that 


it is not an entity with any specific significance. 
Atrophic gastritis is an accurately descriptive term, but this is not an 
entity distinct from the process that has been defined. In the stomach show- 


ing an advanced stage of chronic gastritis the repeated focal ulcerations heal- 
ing with crypt formation result in an increasing loss of glandular elements 
and those which persist may come to be encountered only in discrete clusters. 
This is due in part to actual destruction of individual units, but as well to 
the failure on the part of the germinal epithelium in the neck region, as a 
result of a prolonged proliferative response, to maintain the rate of replace- 
ment of degenerated and disintegrated glandular units. Not only does the 
specialized epithelium of the gastric glands suffer on this account but, as 
well, the mucus-secreting elements taking origin from the same germinal 
epithelium show the results of exhaustion of the regenerative process. In 
the early stages mucus secretion is diminished. The mucus cells, which 
were originally tall columnar and filled with a pale mucin displacing the 
nucleus toward the basement membrane, take on a cuboidal character with 
a dark homogeneous cytoplasm and a centrally located round dark nucleus. 
The alteration in character of the mucus-secreting epithelium pr ceeds from 
here through metaplasia to the so-called intestinal type, which is marked 
by cuboidal or low columnar cells, occasionally containing sharply outlined 
rounded vacuoles of mucin. This alteration occurs first only in isolated 
patches, but in more advanced cases may come to occur over wide areas or even 
entirely replace the normal type of gastric mucus-secreting epithelium. 

Hyperplasia of the mucus-secreting elements of the gastric mucosa offers 
a further field for study, but this must be postponed for the time being. 


SUMMARY 

A detailed study of 213 surgically resected stomachs has revealed a 
number of changes in gastric glands which at first appeared to be of little 
significance, but when arrayed in a sequence of increasing severity and 
magnitude formed an uninterrupted series of lesions that suggest a single 
disease process. The least of these is the occurrence of scattered glands 
lined by epithelial cells which are undifferentiated into chief and parietal 
cells, There are also scattered glands undergoing a process of vacuolar de- 
generation which is occasionally found to have progressed to complete degen- 
eration with only the ghost of the gland persisting. These changes are 
thought to be compatible with a normal process of degeneration and repair 
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in gastric mucosa. The process of degeneration is sometimes associated with 
an infiltration by polymorphonuclear leukocytes. This may involve a number 
of adjacent glands and amount to a focus of necrosis which may border on 
focal ulceration of the mucuous membrane. A lesion of this magnitude can 
be identified only microscopically. 

The minimal lesion which can be recognized grossly is focal ulceration 
involving only the mucosa. These are round, stellate or linear in type. In 
the healed state they are grossly identified as a network of shallow fissures 
with intervening mounds of mucosa which present a pebbled or umbilicated 
appearance. Microscopically, they appear as crypts in which the surface 
epithelium dips to the muscularis mucosae, and into which adjacent gastric 
glands and pits are directed. The even progress of this series of both ulcerated 
and healed lesions is maintained by ulcerations or scars which may extend 
through the muscularis mucosae to submucosa, to the muscular coat, or 
entirely through the muscular coat. 

This complete series of lesions is held to be a single disease process to 
which the term chronic gastritis may be applied. It is described as a process 
of degeneration or necrosis and repair. When the degeneration and the 
necrosis are overwhelming, and the mechanism of repair is inadequate, a 
recognizable peptic ulcer is the result. The element of repair is an essential 
part of the process. When foci of degeneration and necrosis occur and recur 
in great numbers a prolonged proliferative response is called forth and ex- 
haustion of the germinal epithelium may occur. This is evident in the atrophy 
and disappearance of glands and the diminution in mucus secretion or meta- 
plasia on the part of the epithelium of surface and gastric pits. 

Hypertrophic gastritis is considered to be a mechanical alteration in 
the gastric mucosa, but atrophic gastritis is an integral and late stage of 
chronic gastritis. 

CONCLUSIONS 

A pathologic process, stemming from the normal degeneration and repair 
of gastric glands, is outlined and to this the term chronic gastritis is applied. 

The imprint of this process can be recognized to a greater or less degree 
in every surgically resected stomach. Evidence suggesting a similar process 
has been encountered in the duodenum. 

The peptic ulcer, as a lesion of gastric or duodenal mucosa, is not a dis- 
tinct entity but only the most obvious manifestation of chronic gastritis as 
here defined. 

The symptomatology of the peptic ulcer may be present in the absence 
of a grossly demonstrable lesion but can be explained on a basis of chronic 
gastritis. 

The apparent greater frequency of duodenal over gastric peptic ulcers 
may be due to the fact that minimal lesions can more readily produce a 
recognizable deformity in the duodenal wall. 
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PROTEIN METABOLISM AND BED SORES* 


Joun H. MvutnHouuanp, M.D.,+ Co Tur, M.D., A. M. Wricut, M.D., 
V. Vinci, M.D., anno B. Suarrrorr, M.D. 
New York, N. Y. 


FROM THE LABORATORY OF EXPERIMENTAL SURGERY AND THE DEPARTMENT OF SURGERY, 
NEW YORK UNIVERSITY, COLLEGE OF MEDICINE; THE NEW YORK UNIVERSITY SURGICAL 
DIVISION OF BELLEVUE HOSPITAL, AND THE KING S COUNTY HOSPITAL, BROOKLYN, N. Y. 

THE SUBJECT OF DECUBITUS ULCERS or bed sores has received but cursory 
treatment in current textbooks on medicine and surgery. Present-day 
standard medical texts such as Cecil’s,! and Christian’s revisions of Osler,? 
merely refer to the occurrence of bed sores in some diseases of the central 
nervous system and in such debilitating diseases as typhoid fever and 
diabetes. Homan’s* textbook of Surgery mentions debilitating diseases 
and poor nutrition of the skin as contributing causes in addition to local 
pressure. Cole and Elman‘ state: “Any poorly nourished patient suffering 
from prolonged and debilitating illness, as typhoid fever, tuberculosis, etc., 


may develop bed sores unless adequate nursing care is exercised in furning 


the patient and protecting bony prominences.”’ 

Freeman,® writing in Keen’s “Surgery: Its Principal and Practice” in 
1919, under the chapter on mortification or gangrene, gave the subject a 
fairly extensive treatment. A comprehensive list of the usual sites was given ; 
and the sores were divided into ordinary and decubitus accompanying 
lesions of the central nervous system. The etiology of ordinary bed sores 
was attributed to probable thrombosis of the smaller veins of the region, 
giving rise to gangrene, sloughing and ulceration. Other factors mentioned 
as more or less important were: (1) Hypostasis; (2) lack of tissue resistance 
caused by disease, weakness and defective metabolism; (3) alteration in 
vascular intima due to bacterial poisons, lack of nutrition from capillary 
stasis, changes in blood, etc.; and (4) evaporation of fluids from the tissues. 
It was also implied that local pressure injury was usually the immediate 
etiologic factor. Thus, there has not been much new added to the knowledge 
in the etiology of bed sores from 1919 to date. Exception, however, must 
“general con- 


‘ 


be made of Joseph® who, in 1930, used insulin to improve the 
dition of the patient,” and of McCormick,’ who, in 1942, postulated that bed 
sores were caused by avitaminosis B. 

Throughout this brief survey of the literature there runs the implication 
that malnutrition somewhat contributes to the development of bed sores. The 
therapy, however, except for McCormick’s use of vitamin B, seems to make 
no provision for the improvement of nutrition. The principal measures 
may be briefly reviewed : 

* Under a grant from Frederick Stearns & Company, Detroit, Michigan. 

+ Now Lt. Col. U. S. M. C. 

Submitted for publication May 19, 1943. 
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1. Relief of local pressure : 
Air mattresses 
Rubber rings 
Frequent turning 
Sawdust beds‘ 
2. Local stimulation: 
Light massage 
Sunlight 
Infra-red radiation 
Ultraviolet light radiation 
3. Stimulation of healing with dressings of: 
Balsam of peru 
Cod liver oil 
Gentian violet 
Tincture of benzoin 
4. Antiseptics 
Chlorine and other compounds 
Sulfonamides 


Our interest in this condition was aroused by a case of extensive 
third degree burns who was losing so much protein from the burned areas 
that during the second week of his stay in the hospital, in spite of repeated 
plasma and blood transfusions, his total plasma proteins were 5.4 Gm.%. 
At this point he developed a bed sore over the sacrum. This occurrence 
suggested a possible relationship between hypoproteinemia and the develop- 
ment of bed sores. Accordingly, total plasma protein determinations were 
taken in 35 random cases of bed sores. The results with correlative data 
are given in Table I. 

TABLE I 
FLASMA PROTEIN CONCENTRATION, AND OTHER CORRELATIVE DATA, IN 35 CASES OF BED SORES 


iges Ranged from 30 to Si Years; Nutritional States from Poor to Emaciated 


T. P. Ranges No. of Ranges of 
Gm. Cases Hematocrit Values Description of Bed Sores 
Above 6.40 0 

.0 —6.35 6 42—44 All * sim. (4 Psych., 2 Frac.) 
5.5 —6.00... 12 39—42 5*, 7** 8 sim., 4 mult. (9 Frac., 3 Psych.) 
5.0 --5.5.. 12 20—42 4*, 8***, 5 sim., 7 mult. (2 Pysch., 4 Frac., 6 Gen.) 
4.0 —5.0.... 3 20—39.5 1**, 2****: all mult. (1 Frac.,2 Gen.) 

oS eer 2 15—22 1**, 1****; both mult. (both in Gen. Wd.) 

Key 

* = Under 1 cm. in diameter Psych. = Psychiatric Ward 

** = From 2 to 5 cm. in diameter Frac. = Fracture Ward 

*** — From 5 to 10 cm. in diameter Gen. = General Ward 
* AH Over 10 cm. in diameter Sim. = Simple 

Mult. = Multiple 


It will be seen from Table I that all the cases had poor nutritional states, 
and that none of these 35 cases had a plasma protein concentration over 
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6.35 Gm.%. Six cases had plasma protein concentration .of between 6.0 
and 6.35 Gm.%, a range which may be called the upper limit of abnormal ; 
and the other 29 cases were below 6.0 Gm.%. If the severity of the sores 


is now analyzed against the level of plasma proteins it will be seen that the 
extent and depth of the ulcers as well as the multiplicity seem to be related 
to the.level of plasma proteins. It is also interesting that in the group of 
six with plasma protein ranges between 6.0 and 6.35, four were in the 
psychiatric ward and two in the fracture ward; and of the 12 in the plasma 
protein range of between 5.5 to 6.0, nine were in the fracture ward and three 


in the psychiatric ward, while none of the 18 in these two groups belongs 
to the general wards; and that all the cases from the general wards occurred 
in the groups below the plasma protein ranges of 5.5 Gm.%. The significance 
of this distribution will be commented upon later. 

From the study of this table alone there seems to be a strong probability 
of a relationship between bed sores and hypoproteinemia. 

One of the patients (p.p. 6.15 Gm.%) in the first group and one in the 
third group (p.p. 5.76 Gm.%) were placed on a high protein diet. The 
healing of the ulcer and the improvement in general condition were so prompt 
and definite that it was decided to undertake a controlled study of the nitro- 
gen balance of a series of patients with bed sores, first under the usual ward 
feeding and then after they were placed on adequate caloric and nitrogen 


diet. Eight cases were embraced in this study. 


EXPERIMENTAL CONSIDERATIONS 

Nutritional Regimens —Two of the eight patients for the first six days 
of study were placed on high caloric but low nitrogen diet. Table II is 
the protocol of one of these patients. The other six had a control period 
of the first three days during which the usual ward diets were given. The 
caloric and nitrogen figures were taken by subtracting the approximate values 
of food unconsumed from the values given for the diet as it appeared in the 
dietitian’s charts. After these control periods the patients were given an 
amino-acid dextrose mixture* of homogenous composition dissolved in 500 cc. 
physiologic saline solution and enough water to make the mixture easy to 
administer. The patients were thus taking approximately 4.5 Gm. of NaCl 
daily. The water intake was unrestricted. When appetite returned, it was 
sometimes necessary to supplement the mixture with an egg sandwich, the 
caloric and nitrogen values of which were also calculated from the dietitian’s 
charts. Tables III and IV are protocols representative of this group of six. 
During the entire hospitalization period all these eight patients had been 
receiving daily, by intramuscular injection, for a period of from 4 to 12 
weeks, thamine chloride 30 mg.; nicotinic acid, 50 mg.; and cevitamic acid, 
100 mg. 





* This mixture was kindly prepared for our use by Frederick Stearns & Company, 


1) 


Detroit, Michigan. 


1017 





MULHOLLAND, CO TUI, WRIGHT, VINCI AND SHAFIROFF Annals of Surgery 


Collection and Care of Laboratory Samples—The urine was preserved 


with thymol, kept in the refrigerator, and pooled over each 72 hours. The 


urinary output ranged from &50 to 1250 cc. The feces of each patient were 


collected in two pooled specimens: one for the control and the other for 
the feeding periods. They were kept in sulfuric acid. 

The hematocrit was usually determined each time the total plasma protein 
concentration was determined by the Barbour-Hamilton* method. When 
it was desired to determine albumin and globulin figures, the method of 
Wu and Ling, as modified by Greenberg,” was used. In determining the 
nitrogen of the urine and stools, the method of Rappaport, as modified by 
Levy and Palmer,’’ was used. 

Weights of the Patients —All the eight patients except one (D. P., 
Table Il) were weighed periodically during the period they were under 
study. Bedridden patients were placed on a tared stretcher and the loaded 
stretcher was then weighed on two Howe platform scales, the two front 
wheels resting on the platform of one scale and the two hind wheels on that 
of the second. From the combined weight of the stretcher and patient was 
subtracted the weight of the stretcher, leaving the patient’s weight. The 
sensitivity of each scale was 25 Gm., so that the sensitivity of the two-scale 
system was approximately 50 Gm. 

Two of the cases had copious discharges, one from the bed sore itself 
(B. M., Table III), and the other from an unhealed amputation stump 
(Figure 4). The 24-hour discharges were collected on filter papers of 
predetermined weight and nitrogen content and then analyzed for total 
nitrogen, using the same chemical method as in the urine and stool deter- 
mination. This source of nitrogen loss was also included in the figures for 


total nitrogen output. 


EXPERIMENTAL RESULTS 

The general results of the eight cases are so strikingly uniform that only 
three protocols need be given, each illustrating a point under investigation. 

Table II (J. R.) embodies the findings of a case of simple and mild 
bed sores complicating fractures. He was one of the two cases who, during 
the first six days, were put on a high caloric but low nitrogen diet. He 
registered throughout these six days a negative nitrogen balance, a loss 
of weight, a slight depression in the plasma protein concentration, and no 
improvement in the ulcers. On the seventh day both of these patients were 
placed on a high caloric and high amino-acids diet with a resulting positive 
nitrogen retention. A gain in weight, an upswing in the plasma protein 
concentration took place, and healing became perceptible on the fourth day 
after the high protein diet was started. The-hematocrit values remained 
relatively unchanged throughout the course of the work. 

Table III represents the nitrogen balance studies of D. P. who, as a 
result of impaired appetite and diarrhea, following an operation for repair 
of a traumatic rupture of the sigmoid, was in a poor nutritional state. The 
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TABLE II 


J. R., MALE, AGE 56, ADMITTED 7-13-42; FRACTURE UPPER RIGHT FEMUR; BED SORE 5 WEEKS, SLOWLY ENLARGING 


N. N. N. 
Caloric Intake Output Balance Hemato- P.P.  P. Alb. Wt. Description of 
Date Intake Gm. Gm. Gm. crit Gm. % Gm. % Lbs. Bed Sores 


41 6.2 3.3 102.5 Over sacrum; 1 cm.; slug- 
gish, greyish base; involves 
subcutanous tissue. 


9300 
9300 : 3.2: 5 99.25 Noimprovement. 


Base pink: granulations 
forming. 


9165 q Lt 106.5 
9165 38:.3 $15 110 0.5 cm. in diameter. 


3800 25 - Healed on 9/30. 
daily daily 


presence of edema consequent to a total plasma protein concentration cf 
4.6 Gm.% made it useless to follow the weight curve. During the first three 
days (i.e., October 7-10) the patient’s caloric and nitrogen intakes were 
calculated from the portions of the prescribed diets which he consumed. He 
lost 1.02 Gm. of nitrogen during these three days. During the subsequent 
nine days he was given the amino-acid-carbohydrate mixture described above, 
with the result that he was on a positive ‘balance daily. Signs of healing 
were definite on the fourth day, and the ulcer, which was initially super- 
ficial, was healed on the ninth day. It will be noted that the hematocrit 
did not change materially during these days, the slight fall being perhaps 
due to increased blood volume as a result of a higher plasma protein con- 
centration. 


TABLE III 


D. P., MALE; AGE 61, ADMITTED INTO KING'S COUNTY HOSPITAL 8-9-42, WITH DIAGNOSIS OF TRAUMATIC 
RUPTURE OF RECTOSIGMOID, OPERATION FOR CLOSURE OF PERFORATION. BED SORES BEGAN 9-10-42. 


Caloric N.Intake N. Output N, Hemato- PF. P. P. Alb. Description of 
Date Intake Gms. Gm. Balance crit Gm. % Gm. % Bed Sores 
Oct. 
22 : : Sacral; 4 cm. involves 
dermis. No signs of 
9-10) healing; edema of 
ankles. 
10-11 
11-12 


14-15 
15-16 
16-17 


17 | : +27. Ulcer almost healed. 


lations forming. 


12-13 
13-14 Base healthier; granu- 


18-19 
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Table IV represents a patient (B. M.) whose bed sore was exceedingly 
severe, in area as well as in depth. The pictures in Figure 1 represent dif- 
ferent stages of healing. As in the other cases, signs of healing were definite 
on the fourth day after the nitrogen balance was reversed from negative to 
positive. The plasma proteins and the body weight both underwent a cor- 
responding rise. The original ulcer was so extensive that the first day’s 
discharge contained 893 mg. of nitrogen, corresponding to the loss of almost 
5.56 Gm. of protein, or 113 cc. of plasma of the protein concentration of 
that day. 

TABLE IV 


B. M., MALE, AGE 41; ARTERIOSCLEROTIC GANGRENE OF RIGHT FOOT. 
AMPUTATION AT KING’S°COUNTY HOSPITAL 6-11-42. BED SORES BEGAN 8-15-42. 


N. N. N. Remarks 
Caloric Intake Output Balance Hemato- P.P.  P. Alb. Wt. Description of 
Date Intake Gm. Gm. Gm. crit Gm. % Gm. % Lbs. Bed Sore 
Oct. 
7-8 9” x 6” x 1” Dirty, grey- 
8- 9; 2700 16.8 32.375 16.375 34 4.9 94 ish, sloughing base; nee 
9-10, crotic edges. 
10-11 
11-12; 9300 64.8 42.73 
12-13, 
13-14) 
14-15> 9300 74.9. 35.761 +39.139 Base cleaner; granula- 
15-16, tions forming. 
16-17 
17-18 9300 78.9 36.8298 +42.07 995 
18-19 
19-20 36 5.42 2.4 
20-217 9300 78.9 44.826 +34.072 
21-22] 
22-23 
23-247 9300 78.9 37.8 +41.1 104 
24-25 36 5.58 2.96 Healing rapid. 7”x5”x"4" 
25-26) 
26-277 9300 78.9 51.166 +20.73 
27-28) 
28-29 | 
29-30/ 9300 78.9 42.276 +33.624 
30-31) 36 5.82 3:2 115.5 $°x4"x74" 


bt 
te 


te 


068 


te 


In Figure 1 are photographs of different stages of healing of this 
patient. The wound healed rapidly at first but lost momentum, and it took 
almost three months to effect a complete healing of this ulcer which was 
initially 9 x 7 x 2 inches. 

Figures 2 and 3 show the stages in the healing of two other patients 
whose protocols are not shown here but whose healing followed the usual 
pattern of being visibly definite three or four days after the nitrogen 
balance was reversed from negative to positive. Figure 3 also shows an 
amputation stump which evinced no healing when the bed sore developed, 
but which began healing as soon as the bed sore showed signs of healing 


COMMENT AND DISCUSSION 


This study may be said to have gone through three stages. The 
suggestion given by the development of bed sores in a case of burns, wiih 
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Fic. 1 Panel 1a shows the ulcer of patient B.M., Table IV, in the original state. Note the 
greyish, necrotic base and edematous granulations. Panel 1b shows the ulcer one week after nitrogen 
balance was reversed from negative to positive, and maintained. Note the healthier color. Panels 
1c and 1d show the ulcer during, respectively, the 6th and 12th weeks. 








2a 





Fic. 2.—Panel 2a shows the original bed sore, undermined, livid, and glistening with edematous 
granulations, and with no tendency to heal. Panels 2b and 2c show the state of the ulcer three and six 


weeks after maintenance of nitrogen balance. Note the pink, healthy granulations in both panels. 





Fic. 3.—Panels 3a and 3b show, respectively, the original sore and the unhealed amputation stump 
In the latter, note the necrotic edges, the greyish exudate, and the livid and glistening tissue. Panels 
3c and 3d show, respectively, the healed ulcer 12 days after treatment, and the healing amputation wound 
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hypoproteinemia, became a probability when the plasma protein concentrations 


of a series of 35 cases were determined and correlated with the severity of 
the ulcers, and when a high protein diet was found to cause healing in the 
only two of these 35 in whom high protein diet was instituted. The prob- 
ability was confirmed by the controlled nitrogen balance studies of eight 
patients with bed sores. 

The failure of the ulcer to heal with high caloric and low nitrogen 
diet for six days in two cases, as represented by J. R. (Table II), and the 
occurrence of signs of healing on the fourth day after the nitrogen balance 
was made positive, showed that it was not high caloric intake which initiated 
the healing. The use of a mixture which contained no fat indicated that 
fatty acids are not essential in the healing of these sores, which was im- 
plicated. The narrow ranges in which the hematocrit changed during the 
study period, and the fact that D. P. (Table II) had a hematocrit of only 
22 throughout the healing period, indicated the lack of direct relationship 
between anemia and the development of bed sores. The vitamin therapy 
to which these patients were subjected through their hospital stay, prior 
even to the development of bed sores, indicated that, in the presence of 
hypoproteinemia, vitamins do not prevent the development of bed sores. 
Finally, the prompt healing becoming evident four days after protein 
anabolism was achieved points to a definite relationship between protein 
metabolism and the development of decubitus ulcers. 

At this point, it may be pertinent to state the role of protein nutrition 
in the causation of bed sores. It is known that a certain amount of 
pressure applied locally to even a normal tissue for a sufficient length >f 
time can cause necrosis of that tissue. In patients with protein malnutr.- 
tion the tissues are so changed in character that it apparently takes a 
smaller amount of pressure, or the same amount of pressure for a shorter 
length of time, to cause tissue necrosis. It may also be expected that when 
the malnutrition reaches a certain point even the amount of pressure 
exerted by the recumbent body for the usual period of rest may cause 
tissue necrosis. 

This combination of pressure and of tissue of ‘‘a changed character” 
in the’causation of bed sores explains the distribution of the 35 cases in 
Table I in the fracture, the psychiatric and the general wards. In the 
psychiatric ward all the patients had large doses of hypnotics, which con- 
strained the patients to lie unconscious in one position for a long time. In 
the fracture cases this same constraint was exerted by a plaster encasement. 
Meanwhile the loss of nitrogen fromi the body, either as a result of “toxic 
loss” due to the injury, or as a result of undernutrition, or of the combination 
of both, alter the character of the tissues. In the general ward, however, 
the patients were able to change positions more freely and thus would not 
develop sores until malnutrition was more marked. 

This same hypothesis of combined causation. would also explain the 
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fact observed by Cushing! that marasmic infants develop bed sores on the 
back of the scalp, since in the infant the head is perhaps the heaviest part 
of the body. 

Abbott and Mellors’ observations’® that a patient with several decubiti 
healed rapidly after anabolism was achieved by sufficient caloric and protein 
intake and that several similar patients also healed rapidly when given repeated 
plasma transfusions are consonant with this hypothesis. 

Apart from the light which this study throws on bed sores, the impli- 
cation that tissues of patients with poor protein nutrition have this character 
of impaired viability is significant in connection with the. entire problem 
of protein nutrition. It has previously been shown that tissues of hypo- 
proteinemic individuals have impaired healing powers,’*''* and Alt- 
shuler, et al.'° have recently shown that intractable surface ulcers heal in 
response to amino-acid therapy. 

Whether the same causative factors are also operative in bed sores 
occurring in cases of transverse myelitis, and other diseases of the central 
nervous system, remains for further study. The favorable response obtained 
by McCormick in his one case to improved nutrition suggests a similar 
etiologic factor. 


SUMMARY AND CONCLUSIONS 


1. In 35 random cases of bed sores, it was found that the plasma 
protein concentration were invariably below the lower limits of normal. 

2. In a controlled study of two other cases it was found that the giving 
of a high caloric diet resulted in further weight loss to the patient, in a 


negative nitrogen balance throughout the six days, in a depression of the 
plasma protein concentration, and in no improvement in the condition of 


the sores. 

3. In six other cases it was found, during a control period of three 
days, that the diets they were taking in the wards resulted in a negative 
nitrogen balance, a slight loss of weight, and lack of improvement of 
the ulcers. 

4. In all the eight cases there was improvement in the general condition, 
gain in body weight (except D. P. in whom the weight was not followed), 
a rise in plasma proteins, and healing of the ulcer when the nitrogen balance 
was reversed from negative to positive. 

5. Fatty acids are not essential to the healing of bed sores; and in the 
presence of protein deficiency vitamins do not seem to prevent the develop- 
ment of bed sores. 

6. The theory is advanced that both local pressure and a tissue of impaired 
vitality as a result of protein deficiency are factors in the causation of 
bed sores. 


Grateful acknowledgment is made to Dr. Irving Barcham and to the Hospital 
for Joint Diseases, New York, for contributing two of these cases. 
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SAPHENOUS (LIGATION) RESECTION IN... HE OBESE* 
Lieut. Georce R. Duntop, M.C., V-(S) S.N.R. 
Worcester, Mass. 

FROM THE DEPARTMENT OF SURGERY, MEMORIAL HOSPITAL, W TER, MASS. 

DURING RECENT YEARS the surgical literature has c ned numerous and 
excellent accounts of the treatment of varicose veins an their complications. 
In order to avoid unnecessary repetition this paper will be limited to a 
discussion of only two factors: First, causes for the deaths reported in the 
literature following saphenous resection; and, second, the reasons for failure 
‘to ligate all the collateral branches in the fossa ovalis. This discussion is 
based on an experience with 418 consecutive personal cases (the majority 
of whom were obese) in which a high saphenous resection was performed, 
either for phlebitis or for varicose veins. In this discussion the term 
saphenous resection is used instead of ligation, inasmuch as the operation 
advocated today is no longer a simple ligation of the saphenous vein, but 
rather a resection of a portion of the proximal end of the saphenous vein 
together with the collateral superficial venous circulation in the fossa ovalis. 
There were no deaths in this group, and the incidence of recurrences is 
growing smalier each year, due we believe to careful attention to the details 
to be discussed. 

A review of the literature might impress the reader with a number 
of facts. The mortality rate seems to be proportional the number of 
patients who are kept in bed. Moore and Knapp reporte’ 121 cases treated 
at the New York Hospital, with two deaths from pulmonery emboli. Both 
of these patients were kept in bed. Dean and Dulin reported two deaths 
from emboli, each case being kept in bed ten days after ‘1 ections. Weeks 
and Mueller, reporting on 325 cases treated on the First Surgical Service 
at Bellevue Hospital, described one death following bed rest of eleven days. 

Faxon, Oschsner, and others have emphasized the need for keeping these 
postoperative patients up and about. Our own experience has borne this out. 

Although the cause of thrombophlebitis or phlebothrombosis is not known, 
most writers believe that any factor which slows the venou, return from the 
leg is an important contributing factor. Inasmuch as this circulation is 
largely dependent upon the muscle contraction of the legs and diaphragm, 
patients at bed rest have a sluggish venous flow and are more likely to 
develop a soft, non-adherent thrombus whose release may cause a fatal em- 
bolism. 

If the surgeon recognizes the need for allowing his patient to be up 
and about immediately after the operation has been performed, he will 
refuse to treat any case where he is not reasonably sure that this can 


be accomplished. The common causes of failure might be listed as follows: 


* Submitted for publication November 23, 10942. 
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1. Nausea and vom ‘ting from morphine. 


2. Postoperative n: 
a. Due to trav _—_ of the tissues in the operative wound. 
b. Due to a t ! mbophlebitis from injections given at the time 


operation. 
c, Due to infe n. 
ain from an. .ve thrombophlebitis for which a high saphenous re- 
section has be —_ performed. 

4. Weakness, due » the fact that the patient has been kept in bed during 

the preoperative period for the care of an open varicose ulcer. 

We have been impressed with the large number of patients who were 
nauseated by morphine. This is sometimes not recognized, as the vomiting 
is attributed to the anesthesia. Before discontinuing the use of morphine 
in patients who had a high saphenous resection, about two out of ten cases 
had difficulty immediately after the procedure due to nausea. 

If the operation is performed with a minimum amount of trauma, there 
should be little postoperative pain. In this series of cases, catgut, silk, 
plastigut and cotton have all been employed and the latter has been found 
to be the most satisfactory because it appears to cause less tissue reaction and 
is not extruded from infected wounds. 

We have entirely given up the practice of injecting the saphenous 
vein at the time of its resection and have been interested to note that many 
others working on this problem have come to this same conclusion. Our 
reasons might be listed as follows : 

1. The pain o: |e thrombosing vein might be responsible for preventing 

the patient ) :oming ambulatory at once. 

In some instaiices the saphenous vein will thrombose spontaneously after 
its ligation. This is particularly true when ligation has been done at 
several leve: 

The varicosities will frequently contract following ligation so that the 
resulting thrombosis obtained after subsequent injections will be smaller 
than if the injections were given at the time of the operation. 

4. As has been pointed out by Atlas, retrograde injection at the time of 

operation ay give rise to a deep thrombophlebitis. 

The problem « infection will be dealt with in a description of the opera- 
tion. It suffices to say that experience has confirmed what others have said 
before, “never perform a high resection of the saphenous vein in the 
presence of an open lesion on the leg.” \WWhen necessary we have hospitalized 
these cases, and after the lesion has been cleaned up, healed or grafted when 
indicated, the patient has been allowed out of bed for a few days, before 
the operation is performed. At such times a firmly fitting elastic bandage 
is worn. We believe it is a mistake to take any patient to the operating 
room for a saphenous resection who has been kept in bed for the treatment 
of a varicose ulcer, even though the patient is expected to be out of bed 
immediately after the operation. 
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Experience has shown that the mcst important single cause for the 
recurrence of varicose veins is the surgeon’s failure to ligate all the col- 
lateral branches in the fossa ovalis. We believe that most surgeons realize 
the need for performing this step in the operation and that the real cause 
for failure is due to the fact that they find the higher branches inaccessible 
through their incision, especially in the obese. Ochsner and Mahorner 
recognized this fact and advised the use of a vertical incision crossing the 


Fic. 1.—A photograph showing recurrent varicosities occurring in a male five years 
after a “high saphenous ligation’’ where the vein was divided several inches below the 
saphenofemoral junction. Following a secondary operation at a higher level these 
varicosities thrombosed spontaneously. 


flexion crease of the groin. We have tried this with poor success. This 
incision is made at right angles to the lines of cleavage in the skin which 
in itself causes an unsightly scar. Again, the operation must necessarily be 
performed on many obese patients where such an incision crosses the apron 
of fat which hangs down over the inguinal region and increases the difficulty 
of the procedure. The amount of motion in such a wound is greater than 
in a transverse incision and in itself may be a factor contributing to poor 
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Realizing the vital need for satisfactory wound healing in 


wound healing. 
this type of case, we returned to the transverse incision. 

Most writers describe the transverse incision as being made “parallel to 
Poupart’s ligament” or “parallel to Poupart’s ligament and just below the 
flexion crease.” It is our opinion that as long as such incisions are routinely 
made on the obese, the collateral branches in the fossa ovalis will not be 
adequately ligated in many instances. Recent writers have been impressed 
with the fact that the saphenofemoral junction lies much higher than they 
expected. This has been borne out in the experience with the present series. 
Various land marks have been cited to aid the surgeon in outlining his 
incision. Some operators suggest that the femoral artery may serve as a 
landmark, others refer to Poupart’s ligament, some to the flexion crease in 
the groin, and still others to the pubic spine. We have found that in the 
obese women the femoral artery may be palpated with difficulty, that Poupart’s 
ligament is not easily outlined in the obese, the flexion crease is a variable 
anatomic landmark, but that the pubic spine is a constant point which can 
usually be palpated even in a heavy patient. The fact remains that little 
has been said about the distance from the flexion crease of the groin to 
Poupart’s ligament. Surgeons unconsciously find themselves draping the 
patient with reference to the flexion crease rather than to Poupart’s ligament. 
We have found that in very obese patients it has been most difficult to reach 
the saphenofemoral junction through incisions placed at or below the 
flexion crease itself. Hanging below Poupart’s ligament is a thick, redundant 
fold of fat which in many instances may even overlap the thigh. The flexion 
crease in such an instance acts as a constrictive sling which prevents the 
operator from reaching the level of the highest branches under the superior 
wound margin. In the thin individual this is no problem, but any incision 
which is so limited in its application is unsatisfactory. We believe that for 
these reasons the efforts of many surgeons working on obese patients are 
defeated. Often all accessible branches are ligated and the wound closed 
without the saphenofemoral junction being actually visualized. This has 
certainly been the experience of the writer and of those handling the cases 
admitted from the Varicose Vein Clinic, until the higher placed incision 
was employed in the obese. Faxon, in 1934, described a death following a 
high’saphenous resection and included the comment made by the operating 
surgeon. “Because of the great amount of subcutaneous fat, he could not 
demonstrate the saphenofemoral junction.” 

For these reasons we began making a transverse incision above the 
Hexion crease of the groin on all obese patients, raising or lowering the 
level above the crease, depending upon the amount of fat present. With 
this new approach we were surprised to find how high the upper branches 
lie above the flexion crease. This higher approach brings the surgeon down 
on the branches first and as these are isolated and ligated, the saphenous 
vein is gradually mobilized. Such an incision keeps the wound on top of 
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the fatty apron and away from the skin maceration which is so common in 
this type of patient. 

Wound complications constitute a definite hazard in this operation. This 
is not difficult to understand when we consider that so many factors are 
present which may contribute to poor wound healing. The incision is made 
in a hair bearing area where there is apt to be considerable perspiration, 
The wound is not kept at rest, as it is imperative that the patient be 
ambulatory. The operation is carried out almost entirely in fatty tissue 
which has a low resistance to infection. Because of these facts, we have 
felt that no type of wound deserves mose careful attention to detail, as an 
infection may mean a bedridden patient and subsequent death from an 
embolus. In this series of 418 cases there has been a two per cent incidence 
of wound infections. Of this group, it was only necessary to hospitalize 


four cases (one per cent) because of infection. 


OPERATIVE TECHNIC 

The present operative procedure includes all details which might in any 
way help to lower the incidence of wound complications. 

After the usual skin preparation, the towels are so placed that an incision 
can be made in an obese patient from a quarter of an inch to an inch above 
the flexion crease of the groin, two and one-half to three inches in length. 
The level of the incision, of course, depends upon the amount of fat in 
this area. The pubic spine is found to be the most reliable landmark in 
placing the upper towel. Under local anesthesia, these towels are then 
sutured to the skin with fine cotton on cambric needles. The incision 
is then carried down through the skin and immediate subcutaneous fat. The 
bleeding points are clamped with small mosquito hemostats, as it has been 
found that the ordinary hemostat will pull off of these small vessels because 
of its weight. The bleeding points are ligated with fine cotton, usually 
No. 70. At this point, skin towels are clipped to the wound margins with 
Michel clips, care being taken not to squeeze these clips so that they might 
traumatize the skin margins. Having thus redraped the field, the dissection 
is carried down through the deeper subcutaneous fat and fascia. As soon 
as clamps have been placed on three or four small bleeding points they are 
ligated at once as it is important to keep the wound free of instruments. In 
our opinion, any bleeding point deserves ligation as the field must be kept 
meticulously dry. 

The dissection next brings the operator down on a group of lymph nodes 
which will vary in size, depending on whether or not there have been open 
lesions on the leg during previous years. These are best dislocated upward 
en masse. The saphenous vein is usually found immediately under these 
lymph nodes or just medial to them. In many cases the superficial iliac 
vein is first encountered descending obliquely through the fat above the 
upper border of these lymph nodes to join the saphenous. This vein at 
times may serve as a guide to the location of the saphenofemoral junction. 
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— ‘/-. SAPHENOUS VEIN RESECTION 

The remaining collateral branches are then carefully dissected out from 
their surrounding fat and divided by slipping an aneurysm needle under 
them and ligating the vein with fine or medium cotton, depending upon its 
size (fine cotton No. 70, or medium cotton No. 36). We believe that the 
use of the aneurysm needle with division of the vein between ligatures is 
superior to dividing the structure between clamps, inasmuch as the clamp 
crushes and devitalizes a small portion of the tissue. Again, in handling 


Pirate I.—A, Indicates the protruding réle of fat between Poupart’s ligament and the flexion 
crease of the groin. The incision should be placed above the crease. 
B. The dotted line represents the flexion crease of the groin. 
above this bevel the branches in the fossa ovalis appear in the obese. 

C. The saphenous vein has been doubly ligated with cotton and all but one collateral branch has 
been divided. A portion of the femoral vein is seen at the saphenofemoral junction. 

D. The saphenous vein has been divided and the proximal stump is elevated while a ligature is 
being placed at the saphenofemoral junction. Note how high this ligature must lie above the flexion 
crease of the groin. 


The drawing illustrates how far 


the clamps the friable veins may be torn. Tissues divided between ligatures 
do not always become necrotic but pick.up a new blood supply when returned 
to their original position in the wound. 

In this manner the field is never obscured with a number of clamps 
and should a ‘small vein be inadvertently damaged, the bleeding can be 
quickly controlled as the field is not obstructed. At times it has been 
noted that the lateral superficial femoral vein is larger than the saphenous 
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itself. As the branches are divided between ligatures, the saphenous vein 
is mobilized and can be dissected free from the underlying fascia. Great 






care must be taken not to injure the pudendal artery which usually passes 
under the saphenous vein at this point but in some instances may pass 













directly above it. 

Following immobilization of the saphenous vein, at this point a two-inch 
segment is ressected between ligatures of medium cotton and the proximal 
stump elevated into the wound. As it is freed-up by sharp dissection, the 








femoral vein is visualized lying just under the deep fascia of the leg. It is 
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now possible to place one or two cotton ligatures about the stump, flush 


i 






















with its junction with the femoral vein. The redundant vein that was 
elevated in the wound is then excised. The superficial fascia is closed q 
separately with interrupted sutures of fine cotton. The skin towels are : 
then removed and the wound closed with interrupted end-on mattress ; 
sutures of fine cotton. We have found that in many patients the skin is thin e 
and tends to invert. For this reason the end-on mattress suture has been 
used routinely even though it requires a few additional minutes to insert. i 
The usual operative time is between 35 and 50 minutes, depending upon “| 
the size and weight of the patient. The operation performed today takes 3 
about 15 to 20 minutes longer than the operation performed five years ago, . 
due to the demonstrated need for including the details previously mentioned. a 
Formerly, we performed a bilateral ligation at one time. However, during e 
the last two years we have again found that patients are more easily 5 
kept ambulatory if one side is operated upon one day and the second side i 
the following day. As has beeen mentioned before, these patients are given z 
no morphine but are given a barbituate one hour before coming to the 
operation room. Following the high saphenous resection, incompetent com- ea 
municating branches or the short saphenous vein are ligated when indicated. p 
CONCLUSIONS i 

Any factor such as nausea, weakness, or pain which prevents the post- 3 





operative patient from remaining ambulatory increases the risk of a high 
saphenous resection (ligation). 







Any incision made parallel to and below the flexion crease of the groin 
will prevent the operator from successfully ligating all collateral branches on 
all obese patients. 








This paper summarizes the experiences gained from a series of 418 






cases of high saphenous resection, the majority of whom were obese. There 
was no mortality, and an incidence of two per cent wound infection. 
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CARCINOMA OF THE BREAST 
II—CRITERIA OF OPERABILITY (CONTINUED) 
C. D. Haacensen, M.D., anno A. P. Stout, M.D. 
New York, N. Y. 


FROM THE DEPARTMENT OF SURGERY OF THE PRESBYTERIAN HOSPITAL, AND THE LABORATORY OF SURGICAL 
PATHOLOGY, COLUMBIA UNIVERSITY, NEW YORK, N. Y. 


EDEMA OF THE SKIN 


EpEMA OF THE SKIN over the breast is an exceedingly important sign 
of the extent of breast carcinoma, the significance of which is not generally 


recognized by surgeons. 

It was first described by French surgeons almost a century ago. Lan- 
nelongue® gives the great surgeon and surgical pathologist, Auguste Nélaton, 
the credit for originating the apt descriptive term “peau d’orange” that has 
kept its place in medical nomenclature through the years. Figure 1 illustrates 


this striking appearance. 

Sir William Banks," * a distinguished Liverpool surgeon, who was one 
of the pioneers during the last quarter of the 19th century in emphasizing 
the necessity for radical surgical attack upon breast carcinoma, compared 
the appearance of such edematous skin to saddle leather, and called it “pig- 
skin.” He offered the explanation that the fine points in its surface are 
“the hair follicles caught and tucked down by the cancer.” His contemporary, 
Thomas Bryant,® of Guy’s Hospital, who, in 1887, published a little book on 
diseases of the breast, which was the best thing of its kind that had been done 
up to that time, preferred the term edema of the skin. He pointed out that 
such edema is one of the features of a particularly malignant form of breast 
carcinoma which he called “acute edematous infiltration of the skin and 
breast” or “brawny infiltration.” His description of this form of the disease, 
which today has come to be called the inflammatory type was an excellent one, 
and was illustrated with a colored drawing. 

Although Bryant was a skilled clinician he was not much of a microscopist. 
Indeed, his understanding of the pathologic processes involved in the spread 
of breast cancer was rudimentary. He did not understand the mechanism of 
metastasis by tumor emboli, and conjectured that carcinoma spread by what 
he called “infection,” that is “the acquired power possessed by morbid epi- 
thelial cells, when coming into contact with embryo undeveloped cells, of 
influencing their development, and causing them to take on the epithelial form.” 

Bryant was writing in terms of gross pathology when he wrote regarding 
the acute “brawny infiltration” form of breast carcinoma: “These local symp- 
toms are always associated with rapidly progressing disease, in which the 
original nidus not only spreads rapidly by infiltration, or ‘local infection’ 
but also by ‘lymphatic infection,’ the lymphatics, as described, being appar- 
ently filled, if not choked, with the epithelial material which it is conveying 
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to the lymphatic glands.” This observation of Bryant’s was certainly an 


astute one, even though it was not based upon microscopic studies, and should 
not be interpreted as an explanation of the microscopic changes responsible 
for skin edema. 

The first to study the phenomenon of skin edema from the microscopic 
point of view was Archibald Leitch.” During the years he spent at Middlesex 
he became interested in the problem of acute mammary cancer and he made 


Fic. 1.—Close-up view of edema of the skin over the breast. 

sections of the skin in several cases in which there was extensive edema of it. 
He saw that the corium was enormously thickened by edema. The arterioles 
were dilated, and many were filled with cancer cells. There was a marked 
perilymphatic infiltration of lymphocytes and plasma cells. Leitch described 
these findings in a paper published in 1909 entitled “Peau D’Orange in Acute 
Mammary Carcinoma: Its Cause and Diagnostic Value.” He concluded 
that the cancer cells had permeated the skin lymphatics in the opposite direc- 
tion of the lymph stream, blocking the lymphatic circulation of the skin 
and causing edema of it. The depressions in the edematous skin were the 
exaggerated pits of the hair follicles. 

Recent writers on inflammatory carcinoma of the breast, such as Taylor 
and Meltzer,'® have accepted Leitch’s interpretation that its essential feature 
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is a subepidermal carcinomatous lymphatic permeation. The disease has 
come to be fairly well known to surgeons as an extraordinarily malignant form 
of breast cancer, which is recognizable by the generalized enlargement of the 
breast and the extensive redness and edema of the skin over it. 

No one, however, has given special attention to the phenomenon of edema 
of the skin in itself, and to its prognostic significance. It is not generally 
appreciated that this important clinical sign is seen in the later stages of all 
forms of breast carcinoma, whether they be rapid or slow in growth rate. 
These are the features which we wish to emphasize. 


Fic. 2.—A small area of edema of the skin in the areolar region. 

When the area of edema is small, as.in the case shown in Figure 2, it 
easily escapes detection unless carefully looked for. It usually begins in the 
skin within or just caudad to the areola, that is, in the more dependent part 
of the breast. This is regularly the site where edema first appears when the 
tumor is situated deep in the central part of the breast, but it may also be 
the earliest location of edema when the tumor is situated in the periphery 
of the breast. We have’ seen edema appear just below and medial to the 
areola when the carcinoma was a small one situated in the extreme upper 
outer limits of the breast. 

This tendency for edema of the skin to develop in the areolar region is 


very likely due to the fact that the carcinoma of the breast tends to spread, 
in its late stages, in a retrograde direction along the main lymphatic pathways 
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accompanying the ducts converging at the nipple. Reaching the dermal lym 
phatics in the areolar region the carcinoma plugs them so completely that 
edema in the immediately adjacent dependent area of skin results. 

There are, of course, other cases in which the edema first appears in the 
skin immediately over a carcinoma situated more peripherally in the breast. 
In such cases the skin is usually somewhat adherent to the underlying tumor, 
and it seems probable that the skin lymphatics have been obstructed by direct 
retrograde invasion from the surface of the growth outwards. 

We have been much interested in the mechanism by which edema of the 
skin is produced, and we have made a special effort over a period of years 


re 


Fic. 3.—Carcinoma emboli in dilated lymphatics in the corium of edematous ,skin. 


to study the skin histologically in these cases. In interpreting the findings 
the first requisite, of course, is an appreciation of the normal arrangement 
of the lymphatics in the skin. Since the classical studies of von Teichmann," 
it has been known that there are no lymphatics in the epideiimis itself. In 
the corium, however, there are two networks of them, a narrow-meshed 
superficial one which sends branches up around the papillae, and a wide- 
meshed deeper one made up of broader channels equipped with valves which 
communicate by means of vertical branches with the subdermal lymphatics. 
Our histologic studies of edematous skin have led us to the conclusion that 
the process begins with the appearance of embolic masses of carcinoma cells 
in the deep network of lymphatics in the corium. We assume that the 
mechanism by which extension takes place is at first embolic rather than one of 
continuous permeation, because we have often seen the picture illustrated in 
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Figure 3. Here, in edematous skin, the deeper lymphatics are dilated and 
contain unmistakable tumor emboli. As the edema progresses both the 


superficial and deep lymphatic vessels become solidly choked with tumor 


cells, and at this advanced stage of the process permeation is probably the 
predominant mechanism by which the disease extends. 

Leitch, and all those who have written regarding inflammatory carcinoma 
since his time, have assumed that edema is due to continuous permeation of 
the skin lymphatics by the carcinoma. Leitch records studying a total of 
only seven cases in which there was edema, and all of these were apparently 
far advanced, so that he may not have had the opportunity of studying the 
histologic appearance of the early stage of edema. It is probable, also, that 
Leitch was influenced toward emphasis upon permeation as opposed to 
embolism as the method by which breast carcinoma spreads by his confrere 
Sampson Handley. For, in 1905, when Leitch was studying cases with 
edema, Sampson Handley was working in the same laboratory at Middlesex, 
completing his interesting investigations uf the process of dissemination of 
breast carcinoma. 

When edema involves a large area of skin over the breast, the dermal 
and subdermal lymphatics are extensively involved. This explains the 
clinical fact that patients with edema involving a considerable part of the 
skin over the breast are never cured by surgery. When tumor embolism 
and permeation have progressed to such an advanced stage it is only reasonable 
to find that the disease is beyond the limits of any local surgical attack, no 
matter how radical it may be. This, at least, has been our experience at the 
Presbyterian Hospital. 

In order to determine as accurately as possible the significance of edema 
of the skin we classified the cases in which this phenomenon was present into 
two groups: (1) Those in which the extent of the edema was limited to less 
than one-third of the skin over the breast; and (2) those in which it 
extended over a larger area. 

There were a total of 41 patients with extensive edema of the skin in 
whom radical mastectomy was performed. Twenty-seven, or 65.9 per cent, 
were known to have developed local recurrence within five years following 
operation. None remained cured at the end of five years. We have, there- 
fore, placed this group of cases in our categorically inoperable class. 

The results of radical mastectomy in the patients with limited edema 
are shown in Table XIV, from which the groups of cases classified by us 
as categorically inoperable have been excluded. 

TABLE XIV 
RESULTS OF RADICAL MASTECTOMY CASES IN WHICH THERE WAS LIMITED EDEMA OF THE SKIN OVER THE BREAST 
(Categorically Inoperable Cases Excluded) 
No. of 5-Year Local Recurrence 5-Year Clinical Cures 


Clinical Group Cases No. Per Cent No. Per Cent 


SIE MOO CCT TROT TE 32 40.6% 4 12.5% 
Limited edema, with other signs of locally advanced 

70.6% 

51:0% 
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These data indicate that edema of the skin, even when it is of very 
limited extent, is an extremely serious sign. In the group of cases in which 
this grave sign occurred alone the cure rate was but 12.5 per cent, and 
when it occurred in conjunction with other signs of locally advanced disease 


there were no cures. 
When we state that edema is a grave sign we mean, of course, that it }s 
a grave sign when it is produced by carcinoma. For edema of the skin over 


the breast develops, although infrequently, in a variety of other conditions. 
It is sometimes seen, for instance, when the axillary lymph nodes are exten- 
sively involved by tuberculosis. Breast abscess produces it. We have also 
seen it develop in association with a cyst around which there was a marked 
granulomatous proliferation. In these conditions the lymphatic blockage 
must be due to the inflammatory process. The diagnostician should take care 
not to jump to the conclusion that a patient has carcinoma just because she 
has edema, for in itself this sign is not diagnostive. 


FIXATION OF THE TUMOR TO THE CHEST WALL 

As carcinoma of the breast extends locally, the growth itself, as well as 
the breast in which it lies, tends to become fixed to the underlying pectoral 
fascia, and finally to the thoracic cage. It is important to define this fixation 
in terms of degree. All surgeons are familiar with the advanced degree of 
fixation in which the breast is more or less immovable upon the chest wall. 
Rut the early stage of the process often escapes the examiner’s attention, 
for it is brought out only by certain special maneuvers. 

Early fixation can be demonstrated by having the patient sit erect, 
place her hands on her hips, and contract her pectoral muscles by pressing 
her hands against her sides first on one side and then on the other. The 
breasts, if they are not too heavy, are normally pulled upward slightly by 
this action. The upward motion is usually apparent only along the lateral 
aspect of the breast where the movement of the underlying pectoral muscle 
is greatest. There is usually no upward movement of the lower, dependent 
edge of the breast. But when carcinoma has produced abnormal fixation 
of the breast to the underlying pectorals the affected breast is pulled upwards 
more than its normal mate. This abnormal elevation may be apparent only 
along the lateral aspect of the breast, or in the region of the tumor. In cases 
with more advanced fixation the whole breast may be elevated by pectoral 
contraction. This is what we have chosen to designate as first-degree fixation. 
The breast and the tumor within it can still be moved passively with freedom 
over the chest wall. 

Another maneuver to demonstrate abnormal fixation of the tumor to 
the chest wall is carried out with the patient lying supine, the hands placed 
on the hips. With the pectorals relaxed, the examiner first tests the 
movability of the tumor over the chest wall by gently moving it upwards 
and downwards in the direction of the long axis of the body. The patient 
is then asked to press her hands against her sides, contracting the pectorals, 
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and the movability of the tumor over the chest wall is again tested. When 
this maneuver shows that movability is decreased by contraction of the 
pectorals we assume that it is due to abnormal fixation to the underlying 
pectoral fascia, and designate it in our classification as second-degree fixation. 

A more advanced degree of fixation, and one which we call third-degree 
fixation, is that in which the tumor is more or less solidly fixed to the 
underlying chest wall, even when the pectorals are relaxed. 

In general, the surgeons who described the physical findings, in years 
gone by, in the series of cases we are here discussing did not distinguish 
the lesser degrees of fixation which we have mentioned. We have had 
to be content, therefore, with sorting out only the group of cases in which the 
tumor was solidly fixed to the chest wall. The. results of treatment in 
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this group, excluding the categorically inoperable cases, are shown in 
Table XV. These results indicate that a marked degree of fixation is 






a grave sign. 








TABLE XV 






RESULTS OF RADICAL MASTECTOMY CASES IN WHICH THE TUMOR WAS SOLIDLY FIXED TO THE CHEST WALI 






Categorically Inoperable Cases Excluded) 











No. of 5-Year Local Recurrence 5-Year Clinical Cures 


Clinical Group , Cases No. Per Cent No. Per Cent 






5 Sera wae 


Fixation only 18 7 38.9% 2 11.19% 
Fixation, with other signs of locally advanced 

Ea ore 7 eee oe ; 24 9 37.5% 2 8.3% 

ae a i iia. 5 Lining pas he macae wx 42 16 38.1% 4 9.5% 







There is a small group of cases of carcinoma developing in the 
inframammary fold which we have not included in Table XV, because 






they present a special problem as regards fixation. These tumors of the 
inframammary fold all appear to be fixed, even when they are small, because 
of the close attachment of the fascial planes to the body wall at this point. 
The breast, being an appendage of the skin, is enclosed between the super- 
ficial and deep layers of the superficial fascia. These layers fuse at the lower 
border of the breast and bind its edge to the fascial plane of the abdominal 
wall. In the present series there were five patients with fixed inframammary 
tumors in whom radical mastectomy was performed. One of them developed 
a local recurrence, but the other four, or 80 per cent of the group, were 
cured five years after operation. With this experience in mind, we do not 
attach any importance to fixation if the tumor is a small inframammary one. 


















SATELLITE TUMOR NODULES IN THE SKIN OVER THE BREAST 





In the advanced stage of mammary carcinoma satellite tumor nodules 
frequently develop in the skin adjacent to the primary tumor. They are 
often better felt than seen, being detected by passing the flat of the hand 
gently over the skin surface. These nodules no doubt develop as the result 
of retrograde extension of the disease to the skin lymphatics. 

The grave significance of the * pearance of these satellite skin nodules 
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is known to most surgeons. In the present series of cases such nodules were 
noted in a total of 35 of the patients on their admission. Radical mastec- 
tomy was performed in only seven. Four of these developed local recur- 
rence, and’ none was cured. This experience would indicate, therefore, 
that the presence of satellite nodules is a definite contraindication to radical 
mastectomy. We include this group of cases in our categorically inoper- 


able class. 


INTERCOSTAL OR PARASTERNAL NODULES 


Secondary nodules of breast carcinoma sometimes appear along the 
intercostal spaces or in the parasternal region. Their origin must be from 
the external or the internal intercostal lymphatics, which course posteriorly 


and anteriorly, respectively, beneath the intercostal muscles. The nodules 
appear, presumably, when masses of tumor cells become lodged at some par- 


ticular point along these comparatively large lymphatic channels, and 
grow to form a secondary tumor nodule that becomes apparent externally. 
At the sternal edge such nodules lie at the point where the lymphatic channels 
perforate the chest wall to reach the internal mammary chain of nodes. 

It has been our experience that cases in which such secondary intercostal 
or parasternal nodules are present are beyond the scope of surgery. In the 
present series of cases radical operation was undertaken in only one such 
case, and cure was not obtained. We have, therefore, put these cases in 


our categorically inoperable class. 


MASSIVELY ENLARGED AXILLARY NODES 


Although the accuracy with which the size and consistency of axillary 
lymph nodes can be determined clinically depends to a considerable extent 
upon the obesity of the patient, we believe that a careful estimation of their 
actual size in terms of centimeters should always be attempted. Measurement 
of the vertical diameter of a mass of axillary nodes does not mean a great 
deal, for a chain of small- or medium-sized nodes fused together may extend 
a relatively long distance vertically. The estimation of the transverse diameter 
of the largest node or mass of nodes is more truly indicative of the extent 
of diséase, and it is upon this measurement that our experience has taught 
us to rely. 

In the series of cases which we are considering here the examiner 
usually failed to record actual clinical measurements of the nodes, being 
content to state that they were moderately or massively enlarged. Un- 
fortunately, statements of this kind do not lend themselves to statistical 
analysis because massive enlargement means one thing to one examiner 
and something else to another. There were only 24 cases in our series 
treated by radical mastectomy in which the transverse diameter of the largest 
axillary node was recorded as being 2.5 cm., or more. These data, even 
though they are not large, are worthy of close attention. 
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In all but one of these patients histologic examination after operation 
confirmed the presence of metastases. This one patient presented certain 
unusual features. She was a woman, age 30, with a large, relatively cir- 
cumscribed tumor occupying the upper central part of the breast. The tumor 
measured 8 x 10 cm. but it was freely movable over the underlying chest 
wall and there was no edema of the overlying skin. Massively enlarged but 
movable lymph nodes were visible in the axillary, and in infraclavicular and 
supraclavicular regions on the tumor side. These nodes measured as much 
as 3 cm. in diameter. When radical mastectomy was performed the surgeon 
was surprised to find that none of these greatly enlarged nodes contained 
metastases, and the woman remains well, ten years after operation. In 
retrospect, it can be said-that the only clinical feature of this case that 
‘justifies classifying it as inoperable was the massive lymph node enlargement. 
If biopsy of the most prominent nodes had been done it would have 
shown them to be free of metastases, and the radical mastectomy would 
then have been in order. This experience leads us to recommend biopsy 
whenever massive enlargement of axillary nodes is the deciding factor in 
judging operability. 

In the remaining 23 cases in the present series in which clinical measure- 
ment of the axillary nodes showed them to be 2.5 cm., or more, in trans- 
verse diameter radical mastectomy gave very poor results, particularly in 
the group of cases in which the factor of large nodes was combined with 
other signs of locally advanced disease. These data are shown in Table 
XVI, which does not include the cases classified by us as categorically 
inoperable. 


TABLE XVI 


RESULTS OF RADICAL MASTECTOMY CASES IN WHICH THE AXILLARY LYMPH NODES MEASURED 2.5 CM., OR MORE, 
IN TRANSVERSE DIAMETER CLINICALLY AND CONTAINED METASTASES 


(Caiegorically Inoperable Cases Excluded) 
No. of 5-Year Local Recurrence 5-Year Clinical Cures 
Clinical Group Cases No. Per Cent No. Per Cent 
2.5 cm. lymph nodes only. ......... cen? ae 2 20:0% 2 20.0% 
2.5 cm. lymph nodes, with other signs of locally 


I SO Ew abmnlemee Uae 61:5% 7.729 
23 43.5% K 13.0% 


FIXATION OF AXILLARY LYMPH NODES 


As involvement of the axillary lymph nodes by carcinoma progresses the 


disease breaks through the capsule of the nodes and invades the fat and 
connective tissue of the axilla. Finally, a stage is reached in which the 
involved nodes become fused together and fixed to the overlying skin and 
immobile upon the chest wall forming the inner wall of the axillary 
space. This condition is easy for the examiner to detect in thin patients, but 
presents more difficulty in obese ones. The fixation to the axillary skin 
may be apparent as a zone of skin dimpling, and thus forms a visible sign. 
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TABLE XVII 








RESULTS OF RADICAL MASTECTOMY CASES IN WHICH AXILLARY NODES WERE FIXED TO SKIN OR CHEST WALL 





(Categorically Inoperable Cases Excluded) 









No. of 5-Year Local Recurrence 5-Year Clinical Cures 
Clinical Group Cases No. Per Cent No. Per Cent 








Fixed axillary nodes only..............4.- er 7 1 14.3% 1 14.3% 
Fixed axiJlary nodes, with other signs of locally 
advanced disease............--22eee0e- 14 7 50.0% 0 
21 8 38.1% 1 4.8% 












The significance of fixation of the nodes to the skin or the chest wall 
in cases in the present series treated by radical mastectomy is shown in 
Table XVII. The groups of cases classified by us as categorically inoperable 
have been omitted from this table. It will be seen that the results of operation 
in these cases with fixed axillary nodes were very poor. There were no 
cures at all in the group of cases in which this feature of fixed axillary nodes 







occurred in combination with other signs of locally advanced carcinoma. 








THE ARM 





EDEMA OF 





Edema of the arm is a sign that develops only when the axillary metastases 
of breast carcinoma have progressed to the stage in which they effectively 
block the lymphatic pathway through the axilla. The arm then begins to 
swell and often becomes painful. We have never known of a case in 
which this sign was present to be cured by radical mastectomy. In the 









present series operation was performed in three such cases, and none was cured. 
This experience has led us to place patients who present themselves 
with edema of the arm in our categorically inoperable group. 
It might be added that the edema of the arm that develops following radical 
mastectomy is a very different process. There is often an inflammatory element 
in the causation of this kind of edema. It ordinarily has no special prognostic 









significance. 









SUPRACLAVICULAR METASTASES 





At the turn of the century, Halsted,’* who devised the first truly radical 
mastectomy, had extended his operation to include dissection of the supra- 
clavicular region. He omitted it only in the hopeless cases, in “duct cancers,” 
and‘in the well-differentiated adenomatous types of tumor in which the axilla 
was not involved. By 1907, when he reported the three-year end-results in 
his series of 232 cases, he had performed supraclavicular dissection in 119 
cases. In 44 of these 119 cases the supraclavicular tiodes, as well as the 
axillary nodes, were proved to be involved. Three of these 44 patients were 
well three years after operation. 

Despite Halsted’s endorsement of supraclavicular dissection, the opera- 
tion has lost favor, and is today generally abandoned, even by most of Doctor 
Halsted’s pupils. Whether this is because present-day surgeons are unwilling 
to perform an operation that yielded only a seven per cent cure rate even 
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in Doctor Halsted’s hands, or whether their results with the operation have 
not been as fortunate as his, is difficult to say. It seems more likely that the 
latter is the best explanation. Eggers’ has recently reported his results 
with supraclavicular dissection in breast carcinoma. He performed the 
operation upon 14 patients in whom supraclavicular nodes were palpable. 
None of them survived beyond four years. 

In our data from the Presbyterian Hospital the results of supraclavicular 
dissection in cases with clinically involved supraclavicular nodes were equally 
discouraging. In a total of 48 of the 986 patients for whom detailed records 
were available, enlarged supraclavicular nodes were discovered on admission; 





Fic. 4.—The inflammatory type of breast carcinoma. 


that is in 4.9 per cent. Supraclavicular dissection was done in a total 
of 16 cases. In four of these, histologic examination showed the nodes 
were not involved. In the group of 12 remaining cases, in which the 
nodes did contain metastases, there were no five-year cures. Only four 
of these dissections were carried out at the time of the radical mastectomy. 
Three of the others were operated upon as a separate procedure shortly after 
radical mastectomy. In the remaining five cases the dissection was done at 
the time the supraclavicular nodes became palpable, from 10 to 48 months 
after radical mastectomy. 

This experience has convinced us of the futility of supraclavicular dis- 
section in patients in whom supraclavicular nodes are palpable. We have, 
therefore, classified these patients in our categorically inoperable group. 

The use of supraclavicular dissection as a prophylactic procedure for 
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patients in whom there is no clinical evidence of supraclavicular metastases 


but who have proved axillary involvement, is not so easily dismissed. The 
dissection, if properly done, is practically without mortality when carried 
out as a separate procedure subsequent to radical mastectomy. Since radia- 
tion, in our experience, will not cure supraclavicular metastases, surgeons 
who are willing to undertake a great amount of operating to salvage only 
three or four patients out of every hundred, may one day take up supra- 
clavicular dissection again for use in carefully selected cases. It is a poor 
resource, but it is the best that we have. 


INFLAMMATORY CARCINOMA OF THE BREAST 


In any discussion of operability the so-called inflammatory type of breast 
carcinoma merits special consideration. In recent years this acute and fatal 
form of the disease has been well described by American and German 
writers. Taylor and Meltzer included a comprehensive bibliography in 
their 1938 paper. 

The accompanying photograph (Fig. 4) shows a typical example of this 
disease. The patient, Hosp. No. 383920, a woman, age 58, came to the hospital 
complaining of a tumor of the breast of six weeks’ duration. The right 
breast was almost twice the size of the left one, and the skin over it was 
reddened, edematous, and warmer than the skin over the other breast. Al- 
though the entire breast was indurated, there was, in addition, a hard tumor, 
measuring about 12 cm. in diameter, in the center of the organ. The nipple 
was retracted. In the right axilla there was a mass of hard nodes measuring 
3 cm. in diameter, transversely. A radical mastectomy was performed. 
As might be expected with this type of disease there was prompt local 
recurrence in the field of operation on the chest wall, and the patient died 
with liver metastases, eight months after operation and nine and one-half 
months after the onset of her disease. 

In the series of cases which we are reporting here there was a total 
of 28 patients with the inflammatory type of carcinoma. In 20 of them 
radical mastectomy was performed. Half of these were known to have 
developed local recurrence, and all succumbed to their disease within a 
relatively short time after operation. Some of the data regarding this 
group of cases are presented in Table XVIII. 

This experience has led us to regard these patients with the inflammatory 
type of breast carcinoma as being incurable by operation. We classify them 
as categorically inoperable, and advise palliative treatment with radiation. 


DISTANT METASTASES 
A final factor in deciding as to the operability of breast carcinoma is the 
question of the presence of distant metastases. very surgeon, of course, 
searches for them, but their demonstration is not always easy even with the 
best of our modern diagnostic aids. 
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TABLE XVIII 


RESULTS OF RADICAL MASTECTOMY IN THE INFLAMMATORY TYPE OF TREATED CARCINOMA 


A—Number of cases of inflammatory type in which radical mastectomy was carried out....... 20 
B—Age of patients—varied from 38 to 61. Mean Age..... Re ee eee ee re vsacscs ees 
C—Duration of symptoms on admission—varied from 1 week to 2 years. Mean duration. 7.4 months 
D—Symptoms: 
i—Pain..... 10 
2—Tenderness , : 
—Diffuse enlargement of the breast . a Palpee 15 
. —Widespread redness of skin over bre ast.. : ; ya bee 
5—Increased warmth of skin. ; rua as a : 5 
6—Extensive edema of skin... . ; eae cies “se 
7—Tumor palpable within breast .. . aro wim ; . we 
rd I nt ka a ciw ae bbe b's : : 1 
9—Diffuse induration of breast, sitthant adie: ernible tumor. . aes 8 
10—Elevated body temperature. . PERE oe ees : oe 3 


E—Local recurrence in 10, or 50 per cent... ee Bt ece brtevy beige onts-a beh 
F—Five-year clinical cures in none..... eek > bales Ss Wal ga srmaria i ere ore 
G—Mean length of survival following operation. ee ret re ee - ne He erery er 15.5 mo nth 


It is our personal practice to carry out the following routine in searching 
for distant metastases in every new patient: 
1. Inquire particularly about the recent development of headache, and 
pain in the back and legs. 


2. Inquire regarding recent cough or pain in the chest. 
3. Run the hand gently over the skin of the back and chest. In this way 


small skin metastases which can not be seen can often be felt. 

4. Palpate the opposite axilla and the supraclavicular regions for distant 

lymph node metastases. 

5. Palpate the abdomen, with special attention to the liver. 

6. Roentgenograms of the chest and skeleton. 

Each one of these methods of inquiry has, at one time or another, enabled 
us to detect distant metastases, and prevented useless radical mastectomy. 
Before the days of radiation therapy there was some excuse for carrying out 
radical mastectomy upon patients with distant metastases, but today, with the 
palliative resource of radiotherapy at hand, the surgeon is certainly not 
justified in operating. 

We have come to feel that the entire skeleton, with the exception of the 
forearms and hands, lower legs and feet, should be studied roentgenologically. 
We have seen isolated metastases in the humerus, skull, shoulder girdle, and 
lower femur that would have been missed if these bones had not been included. 
A skeletal study of this kind requires six 14- x 7-inch, and three 10- x 12- 
inch films, but we believe that this expense is well worth while. 

The great majority of these breast carcinoma metastases in bone are 
osteolytic in type. In films of the lower spine and pelvis, gas bubbles in the 
bowel often produce areas of lesser density which must be distinguished from 
osteolytic metastases. The experienced roentgenologist usually is able to 
do this at a glance, but stereoscopic films may be required in some cases. 

The differential diagnosis of osteolytic lesions in bone, occurring in a 
female in middle and later life, who has a breast tumor is not difficult. 
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On the basis of relative frequency they will be found to be due to metas- 


tases from the breast tumor in the overwhelming majority of cases. 
Myeloma and hyperparathyroidism, which also cause destructive lesions in 


bone, are rare diseases. Accompanying blood chemistry changes will serve 
to distinguish them when the roentgenologic appearance is equivocal. In 
the skull, the changes due to osteoporosis circumscripta and to fully developed 
Paget’s disease (see Kasabach and Gutman’) may cause confusion, but 
the finding of sclerotic, osteoblastic Paget lesions elsewhere in the skeleton 
will usually settle the problem. In fully developed Paget’s disease the ele- 
vated blood phosphatase is, of course, diagnostic. In one of the patients in the 
present series the skull changes of Paget’s disease were for a time mistake” 
for metastases. 

These resources will enable the experienced roentgenologist to make a 
definite diagnosis of metastases in the great majority of women with breast 
carcinoma accompanied by bone lesions. In cases in which vague bone 
lesions defy exact diagnosis even after careful stereoscopic study, and in 
which there is no clinical evidence to tip the balance of opinion, it has been 
our custom to assume that they do not represent metastases arid to proceed 
with operation. This practice has not, to our knowledge, led us into the 
error of undertaking radical mastectomy upon inoperable cases. 

But even when roentgenologic studies are negative, the presumptive diag- 
nosis of bone metastasis can be made from the history alone in certain 
cases. This is particularly true of metastases to the thoracic and lumbar 
spine. The pain that most of these unfortunate patients develop is rather 
characteristic. They often describe its earliest manifestation as “stiffness” 
of the back. After a few weeks this becomes definite pain, which develops 
after exercise such as walking or standing up for long periods of time. The 
pain becomes steadily worse, limiting the patient’s activity greatly. When 
she sits quietly, or lies in bed, she is perfectly comfortable, but getting up 
from a chair or out of bed becomes torture. The pain is usually centered 
in the back, but may radiate down either leg. It is markedly accentuated by 
jolting, as when the patient misses a step and comes down hard on one foot, 
or when the vehicle in which she is riding strikes a sharp bump. We have 
repeatedly made a presumptive diagnosis of metastasis to the spine in patients 
with this kind of a story whose roentgenograms were negative, and have 
withheld radical mastectomy. Radiotherapy is begun at once, and if the 
pain is relieved after an appropriate iaterval the response provides con- 
firmation of the diagnosis. Further roentgenologic studies at monthly inter- 
vals will eventually provide proof of the presence of metastases. 

The interval between the onset of pain and the roentgenologic demon- 
stration of bone metastases from breast carcinoma is sometimes remarkably 
long. Lenz and Fried’ reported a series of cases of this kind; in one, 12 
full months elapsed before the spinal metastases were identified roentgeno- 
graphically. The explanation for this long delay is found in the studies 
made by Chasin.?® He found that in vertebrae, defects of from 1 to 1.5 cm. 
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diameter made by removing the spongiosa, could not be demonstrated by the 
usual anteroposterior roentgenogram. Even when practically the entire 
spongiosa was removed, leaving only the cortex and the superior and inferior 


plates of the vertebra intact, he was unable to demonstrate the defect 
by films taken anteroposteriorly. These findings were corroborated by 
Bohmig and Prévot'* who were unable to demonstrate artificial defects the 


size of a cherry in the vertebrae by means of roentgenograms. We must, 
therefore, assume that when spinal metastases of breast carcinoma finally 
become apparent roentgenographically, the disease has already destroyed 
a great part of the structure of the vertebrae. 

In the series of cases of breast carcinoma which we are here reporting, 
distant metastases were demonstrated on admission to the hospital in a 
total of 85, that is, in 9.7 per cent. In seven of these 85 patients radical 
mastectomy was, nevertheless, carried out. The situation of the distant 
metastases in these seven patients is detailed in Table XIX. 


TABLE XIX 


SITUATION OF DISTANT METASTASES DEMONSTRATED PREOFURATIVELY IN SEVEN PATIENTS TREATED BY RADICAI 
MASTECTOMY 


A—In lymph node of contralateral axilla, as proved by biopsy Ree 
B—In ovary, as indicated by the presence of a large lower abdominal tumor 
C—In the liver, as indicated by liver enlargement. 
D—In the spine, as indicated roentgenologically 

The reason for operating is not apparent from the records of some of these 
cases. In others, the operator chose to ignore the evidence of the presence 
of metastases on the basis of the philosophy of “giving the patient her one 
chance of cure, remote though it might be.’ The fallacy of this kind of 
thinking, of course, is that the patient in truth has no chance whatever of 
cure when the evidence of metastasis is definite. None of the seven patients 
listed above was cured. 

It is our own practice to classify patients in which there is presumptive 
evidence of the presence of distant metastases as categorically inoperable. 


We treat them exclusively with radiation. 


A RULE FOR JUDGING OPERABILITY 


When our data regarding the results of radical mastectomy in the 
different groups of cases with the various clinical features which we have 
detailed above are combined into Master Tables, a rule for operability can be 
derived from them. The first Master Table includes only the groups of 
cases in which there were virtually no five-year clinical cures—the groups 
which we have classified as categorically inoperable. These are combined 
in Table XX. 

The groups of cases in Table XX are not mutually exclusive. They 
total 74 cases, with a local recurrence rate of 48.6 per cent, and no per 
manent cures. Faced with these facts it is impossible to escape the conclusion 

1046 





Surgery 
19438 


y the 
ntire 
erlor 
efect 
| by 
_ the 
ust, 
lally 
ved 
ing, 
na 
lical 
tant 


Volume 118 CARCINOMA OF THE BREAS' 


Number 6 
PABLE XX 
KESULIS OF RADICAL MASTECTOMY IN CATEGORICALLY INOPERABLE GROUPS OF CASES 


No. of 5-Year Local Recurrence 5-Year Clinical Cures 


Clinical Group Cases No Per Cent No. Per Cent 


Carcinoma developing during pregnancy or la 
tation 1 (Recurrence after 
6 yrs. 

None 

None 

None 

None 

None 

None 

None 

1 (Recurrence after 
6 vrs.) 


Extensive edema of skin over breast 
Satellite nodules in skin over breast 
Intercostal or parasternal nodules 
Edema of the arm ; er 
Proved supraclavicular metastases 
Inflammatory type of carcinoma 
Distant metastases 

Total 


that cases of this kind should not be operated upon. They are truly 
categorically inoperable. 

There remain several clinical factors indicative of the local extent of 
the disease regarding which our data are not as conclusive, particularly when 
these factors are considered individually. These data are combined in Table 
XXI. The groups of cases are small, but it should be kept in mind that they 
include only the cases in which the particular clinical sign in question was 
the only grave sign present; moreover, the categorically inoperable cases 
have been excluded. 

TABLE XXI 
RESULTS OF RADICAL MASTECTOMY IN GROUPS OF CASES EACH FEATURED BY A SINGLE CLINICAL SIGN INDICATIVE 
OF THE LOCAL EXTENT OF THE DISEASE 
(Categorically Inoperable Cases Excluded) 
No. of 5-Year Local Recurrence 5-Year Clinical Cures 
Per Cent No. Fer Cent 


Clinical Signs No. 
16. 7° 25.0% 

33. 3° 44.4%, 
26.1‘ & 34 
28 28 
11.1% 22.2 
12.5 

5. 


A single tumor 10 cm., or more, in diameter / 3 
Multiple tumors in one breast 
Redness of the skin 
Skin involvement 
Ulceration. . 
Edema of limited extent 
7—Fixation of tumor to chest wall 
Axillary lymph nedes, 2.5 cm., or more, in 
diameter, proved to contain metastases 
Fixed axillary nodes, proved to contain metas- 


¢ 


20. 


on er eee . ; ‘ j 1 

From Table XXI it is apparent that the presence of any single one of 
these various clinical signs of the local extent of the breast carcinoma is 
not a sufficient contraindication to radical mastectomy. The cure rate is 
rather lower, however, in the last five groups of cases in Table XXI than 
in the first four groups. This fact led us to test out in our data the prog- 
nostic significance of the presence of combinations of the various individual 


clinical signs with one or more of these five relatively unfavorable clinical 
factors, namely, ulceration, edema of limited extent, fixation of the tumor 
to the chest wall, axillary lymph nodes 2.5 cm. or more in diameter, proved 


to contain metastases, and fixed axillary lymph nodes, proved to contain 
metastases. Table XXII shows the results of radical mastectomy in cases 
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with these combinations of clinical signs. Here again, the categorically 
inoperable cases have been excluded, as have been the cases listed in Table 
XXI in which the various clinical signs occurred singly. 


TABLE XXII 


RESULTS OF RADICAL MASTECTOMY IN GROUPS OF CASES EACH FEATURED BY A COMBINATION OF SIGNS INDICATIVE 
OF THE LOCAL EXTENT OF THE DISEASE 


(Categorically Inoperable Cases Excluded) 


No. of 5-Year Local Recurrence 5-Year Clinical Cures 
Clinical Group Cases No. Per Cent No. Per Cent 
7 28 J 14.3% 
3 33.3 
43.3% 4% 
25 18.2% 
28 
70 
37.§ 


1—10 cm. tumor, with 5, 6,7, 8, or 9. 

2—Multiple tumors, with 5, 6, 7, 8, or 9 

3—Redness of skin, with 5, 6,7, 8, or 9. 

4—Skin involvement, with 5, 6, 7, 8, or 9. 

5—Ulceration, with 6,7, 8, or 9... a 

6—Edema of limited extent, with 5, 7, 8, or 9. 

7—Fixation of tumor, with 5, 6, 8,or9..... : 

8—2.5 cm. axillary lymph nodes, proved metatases, 
with 5,6, 7,or9.. ag 

9—Fixed axillary lymph nodes, proved metastases, 
with 5, 6, 7, or 8 en a 50. 


61.5 


These data regarding the significance of combinations of clinical signs 
are of little or no value in Groups 1 and 2, because the numbers of cases 
are too small. In Groups 3 and 4 the cure rate is certainly high enough 
to justify radical mastectomy. In the last five groups of cases in Table 
XXIJ, however, the cure rate is so low that we doubt that operation was 
These groups of cases are not mutually exclusive, but the 
The disease 


worth while. 
total number of cases falling into Groups 5, 6, 7, 8 and 9g is 35. 
recurred locally before the end of five years in 16, or 45.7 per cent of these, 


and only two patients, or 5.7 per cent, were well five years after operation. 


Both of them later developed local recurrence and died. 

From these correlations we have drawn up a rule for judging operability 
in breast carcinoma as follows: Women of all age-groups, who are in good 
enough general condition to run the risk of major surgery, should be treated 
by radical mastectomy, except as follows: 

1. When the carcinoma is one which developed during pregnancy or 

lactation. 
When extensive edema of the skin over the breast is present. 
When satellite nodules are present in the skin over the breast. 
When intercostal or parasternal tumor nodules are present. 
When there is edema of the arm. 
When proved supraclavicular metastases are present. 
When the carcinoma is the inflammatory type. 
When distant metastases are demonstrated. 
When any two, or more, of the following signs of locally advanced 
carcinoma are present: 
(a) Ulceration of the skin. 
(b) Edema of the skin of limited extent (less than one-third of the 
skin over the breast involved). 
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(c) Fixation of the tumor to the chest wall. 
(d) Axillary lymph nodes measuring 2.5 cm., or more, in transverse 
diameter, and proved to contain metastases by biopsy. 
(e) Fixation of axillary lymph nodes to the skin or the deep struc- 
tures of the axilla, and proved to contain metastases by biopsy. 

If these criteria had actually been followed in judging operability in 
the series of 640 radical mastectomies which we have reported, a total 
of 109 of the patients would not have been operated upon. Yet the number 
of patients permanently cured would not have been decreased by a single one. 
These facts are shown in Table XXIII: 

TaBLe XXIII 


HAAGENSEN-STOUT CRITERIA OF OPERABILITY 
APPLIED TO PRESBYTERIAN HOSPITAL SERIES OF RADICAL MASTECTOMIES 
(1915-1934) 
5-Year Local 5-Year Clinical 
No. of Recurrence Cures Permanent 
Group Cases No. Per Cent No. Per Cent Cures 
Cases in which radical mastectomy was 
actually performed (1915-1934)... 
Cases which we now would classify as 


640 161 : 231 36.1% Many still well 


2 None 


inoperable : 109 53 7 : 2.8% 


Cases which we now would classify as 
operable. . 531 109 20.5% 228 42.9% Many still wel, 

In the group of 109 cases which we would now, according to our rule 
for operability, classify as inoperable, there were three that remained well 
at the end of five years after operation. All three, shortly thereafter, developed 


local recurrence, with distant metastases, and died. Summaries of these 


cases follow: 


Case 1.—Hosp. No. 64106: M. W., colored, age 38. The tumor developed while 
It was 2.5 cm. in diameter, and situated in the upper 
Radical mastectomy; one 


axillary node found to be involved. She was well at the end of five years, but, at six 
She died 


she was nursing her first baby. 
outer sector of the breast. No local signs of inoperability. 


years, local intercostal recurrence and pulmonary metastases developed. 
seven and one-half years after operation. 

Case 2.—Hosp., No. 281668: L. P., age 43. Large, 14 x 12 x 8 cm., tumor filling 
the breast and fixed-to the chest wall. Hard axillary nodes, more than 2.5 cm. in trans- 
verse diameter. Radical mastectomy; all nodes found to be involved. Well at the 
end of five years, but, teri months later, local recurrence appeared on the chest and in 
the axilla. Cervical metastases subsequently appeared, and she died eight years after 
operation. 

Case 3.—Hosp. No. 302431: M. B., age 50. The tumor measured 5 x 4 cm.. 
and was situated in the upper inner sector of the breast. It had ulcerated through 
the skin, and was solidly fixed to the chest wall. Radical mastectomy; two axillary 
Well at the end of five years, but local recurrence on the chest wall 


nodes involved. 
Died seven and one-half years 


and pulmonary metastases at the end of seven years. 
after operation. 

While radical mastectomy in this group of cases, which we today classify 
as inoperable may, in rare instances, relieve the patient of evidence of her 
disease for as long as five or six years, there is another aspect of the 
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therapeutic problem which must not be lost sight of. It is the fact that 
the carrying out of a radical mastectomy in cases in which the carcinoma can 
not be wholly removed locally actually shortens the patient's life in the 
majority of instances. From our knowledge of the problem of the surgical 
attack upon cancer in general we, of course, know that any attempt at 
radical dissection which cuts through cancer tissue is futile: The cancer 
cells are disseminated throughout the wound and there is the possibility of 
their entering the blood stream as cancer emboli. Ordinarily, operations of 
this kind are followed by prompt local recurrence and by the development 
of distant metastases. We have repeatedly seen widespread distant metastases 
appear within a few months after radical mastectomy performed upon 
patients in whom the disease was locally entirely inoperable, quite as if the 
operator had produced a shower of cancer emboli. 

The data as to length of survival in our series of cases (Table XXIV) 
substantiate this objection to the performance of radical mastectomy in 
inoperable cases. We have used as a basis for our comparison the data 


S 


collected by Lazarus-Barlow and Leeming,’ and by Daland,'® as to the 


mean survival of patients with untreated mammary carcinoma. 


TABLE XXIV 


MEAN TOTAL DURATION OF BREAST CARCINOMA ONSET TO DEATH IN VARIOUS GROUPS OF CASES 


A—Daland's series of 100 untreated cases sevasess 40.5 mention 
B—Lazarus- Barlow's series of 243 untreated cases > 38.4 months 
C—118 Fresbyterian Hospital cases (1915-1934 series) regarded as inoperable and denied 

surgery and radiation 42.3 months 
D—31 Presbyterian Hospital cases (1915-1934 series) regarded as inoperable and treated by 
8.0 months 


_ 


simple mastectomy , 
E—104 Presbyterian Hospital cases (1915-1934 series) regarded as operable and treated by 

radical mastectomy, but now classified as inoperable according to Haagensen-Stout 

criteria ; ‘ . 32.3 month 

These data suggest that the performance of radical mastectomy in cases 
in which the disease is locally so far advanced that cure can not be obtained 
shortens the patient’s expectation of life by about ten months. Simple mas- 
tectomy may also shorten life somewhat. In these days, when radiation is 
available almost everywhere, we feel that, in general, it is the preferable 
method of palliation in these incurable cases. When the local disease is not 
checked by radiation and threatens to become an objectionable fungating tumor, 
and primary closure of the wound through grossly uninvolved tissue 1s 
technically possible, simple mastectomy is sometimes useful. But, in general, 
the less surgery that is undertaken upon the patients with incurable disease 
the longer they will survive. 

As we emphasized at the beginning of this paper, the decision as to 
incurability, or rather inoperabilitv, of breast carcinoma is difficult. We 
have suggested a rule for deciding the question, but we do not regard it 
as a definitive solution. We hope that other surgeons will test the validit, 
of our criteria of operability upon their own series of cases, and by the use 
of statistical methods such as we have employed add to the knowledge 


of the problem. 


1050 














Sena AOR Aa ce. 


this». 























Volume 118 CARCINOMA OF THE BREAST 
Number 0 
REFERENCES 
Haagensen, C. D., and Stout, A.P.: Carcinoma of the Breast. I—Results of Treat 
ment. ANNALS OF SURGERY, 116, 801, December, 1942. 
favlor, G. W.: Carcinoma of the Breast in Young Women. New England J. Med., 


215, 1270, 1930. 
Bromeis, H.: Der Einfluss der Schwangerschaft und der Stillperiode auf den Brust- 
krebs und die Richlinien des arztlichen Hardelns. Deutsche Ztsch. f. Chir., 252, 


295, 1939. 

Harrington, S. W.: Results of Radical Mastectomy in 5026 Cases of Carcinoma ot 
the Breast. Pennsylvania M. J., 43, 413, 1939. 

Lannelongue, O.: Cancer due Sein. Nouveau Dictionnaire de Médecine et de Chirurgie 
Pratiques, Paris, 21, 308, 1875. 

Banks, Sir William M.: Extirpation of the Axillary Glands a Necessary Accompani- 
ment of Removal of the Breast for Cancer. British M. J., 1, 572, 1887. 

Idem: Practical Observations on Cancer of the Breast. Lancet, 1, 684, 843, 990, 
and 1094, 1900. 

Bryant, Thomas: The Diseases of the Breast, London, 1887. 

Leitch, A.: Peau D’Orange in Acute Mammary Carcinoma: Its Cause and Diagnos 
tic Value. Lancet, 2, 861, 1900. 

Taylor, G .W., and Meltzer, A.: “Inflammatory Carcinoma” of the Breast. Am. J. 
Cancer, 32, 33, 1938. 

von Teichmann, L.: Das Saugadersystem von Anatomischen Standpunkte. Leip- 
zig, 1861. 

> Halsted, W. S.: The Results of Radical Operations for the Cure of Carcinoma of 
the Breast. ANNALS OF SURGERY, 46, I, 1907. 

’ Eggers, C., de Cholnoky, T., and Jessup, D. S. D.: Cancer of the Breast. ANNALS 
OF SURGERY, 113, 32I, 1941. 

Kasabach, H. H., and Gutman, A. B.: Osteoporosis Circumscripta of the Skull 
and Paget’s Disease. Am. J. Roentgenol. & Radium Therapy, 37, 577, 1937. 
Lenz, M., and Fried, J. R.: Metastases to Skeleton, Brain, and Spinal Cord from 
Cancer of Breast and Effect of Radiotherapy. ANNALS OF SURGERY, 93, 278, 1935. 

’ Chasin, A.: Die Dimensionen der destruktiven Veranderungen in den Wirbelkorpern, 
die Rontgenographisch bestimmt verden kOnnen. Fortsch. a. d. Geb. d. Réentgen- 
strahlen, 37, 520, 1928. 

Bohmig, R., and Prévot, R.: Vergleichende Untersuchungen zur Pathologie und 
ROntgenologie der Wirbelsaule. Fortschr. a. d. Geb. d. Roéentgenstrahlen, 43, 
541, 1931. 

Lazarus-Barlow, W. S., and Leeming, J. R.: The Natural Duration of Cancer. Brit- 
ish M. J., 2, 266, 1924. 

Daland, E. M.: Untreated Cancer of the Breast. Surg. Gynec. & Obst., 44, 264, 1927. 













































AMPUTATION NEUROMA IN NERVES IMPLANTED IN 


Epwin Bo.prey, M.D. 


BONE* 


San Francisco, Cauir. 


i eae 
Sire 


FROM THE DIVISION OF SURGERY, UNIVERSITY OF CALIFORNIA MEDICAL SCHOOL, SAN FRANCISCO, CALIF. 





Wak, the greatest single agent responsible for amputation, invariably 
stimulates interest in and a study of the problem of painful amputation 
neuroma. The various hypotheses advanced to account for the pain which 
occurs in a small percentage of these neuromas include: Inflammation and 
ascending neuritis ; strangulation of the neuraxes in contracting scar ; fixation 
of nerve ends in muscle; and repeated trauma.’ Treatment has been signally 
unsatisfactory ; hence attention has been directed toward prevention of the 
neuroma or at least a minimization of its size and vulnerability. That such 
efforts have not been entirely successful is shown by the legion of suggested 
approaches to the problem. 

Probably the oldest preventive method, one still commonly recommended, 
consists of pulling down the nerve as far as it will conveniently stretch, cutting 
it with a sharp scalpel and allowing the proximal end to retract into the 
areolar tissue well above the end of the stump.”* Bardenheuer* (1908) 
modified this method by turning the cut end of the nerve back and implanting 
it beneath the sheath of the same nerve higher up, forming a loop. Krtger® 
(1916) merely crushed the nerve in forceps. Sicard® (1916) felt that sensory 
fibers only would be destroyed by 60 per cent alcohol and recommended its 
use. Chapple’ (1917) turned back an epineurial cuff several millimeters in 
width, cut off the neuraxes and pulled down the cuff, tying it below the cut 
ends. Moscowicz® (1918) inserted the end of the nerve into muscle. Corner® 
(1918) excised an inverted wedge to form a “swinging door flap,” the edges 
of which were sutured together. Hedri!® (1920) used the cautery to seal the 
end of the nerve and prevent the irritating effect of secretions from the wound. 
Huber and Lewis"! (1920) tied off the nerve and injected about one cubic 
centimeter of absolute alcohol from one to three centimeters above the site of 
the ligature. Stookey (1922) recommended a combination of Corner’s swing- 
ing door flap and the injection of absolute alcohol. Lawen'* (1925) used 
refrigeration. Foerster’® (1927) injected 5 per cent formalin into the central 
stump. Beswerschenko' (1929) recommended Federoff’s method of phenoli- 
zation of the end of the nerve and the injection of liquid phenol into the stump 
above the cut end. Lexer’ (1931) tried electrocoagulation. 

In reviewing this array of therapeutic proposals, it seemed noteworthy 
that the procedure of inserting the end of the cut, nerve into the bone, invari 
ably adjacent in amputations, had apparently not been tried by any of these 
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* Read before the American Academy of Neurological Surgery, Chicago, IIl., Octo 
ber, 1942. 
Received for publication September 3, 1943. 
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authors. lewis'! saw one instance of a divided nerve in which the ends had 
been driven into the bone—no neuroma was formed, and he believed that the 
surrounding bone prevented the formation of a bulb. Other relevant comment 
was not found in the literature. Craig and Walker!® (1942) observed a situa- 
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Fic. 1.—Technic for implantation of nerve into bone. 


tion similar to that noted by Lewis, in the arm of a patient wounded in the 
current war. 

With these points in mind, an experimental approach to the problem was 
begun in April, 1942. It was decided to ‘nsert the ulnar nerve into a hole in 
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Fic Photomicrograph of int sseous amputation neuroma after 133 days. © 
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FIG. 3 Photomicrograph of intra-osseous amputation neuroma after 2909 day 
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the distal portion of the humerus in dogs, and to observe the resulting amputa- 
tion neuroma after the elapse of approximately 250 to 300 days—a figure 
chosen arbitrarily. 

Six large dogs were used. In each, the right ulnar nerve was exposed just 
over the distal end of the humerus. A hole large enough to contain the nerve 
was‘drilled into the cancellous bone above the joint and the nerve was cut 
and inserted into the opening, being held in place by fine cotton sutures placed 
between the periosteum and the perineurium. Fearing that the nerve might 
pull out—a fear substantiated later in two cases—a minor change was made in 
the last two experiments. A second, smaller hole was drilled into the bone 
below the first at an angle such that the two connected at the bottom of the 





p '1G.- 4.—Photomicrograph of amputation neuroma 318 days after operation. The nerve had 
pulled out of its intra-osseos position. (x 6) 


cavity of the larger hole. A suture was then passed through the perineurium 
and threaded through the two holes in the bone so that, by pulling on the 
suture, the cut end of the nerve was drawn into the depth of the opening and 
could be held there by attaching this suture snugly to the periosteum about the 
smaller hole. As in the earlier animals, stay-sutures between the periosteum 
of the larger hole and the adjacent perineurium were also used (Fig. 1). 

The first dog on which this last technic was used was killed after only 
133 days. Sections parallel with the long axis of the bone showed the 


neuroma to be small and completelv beneath the cortex of the bone (Fig. 2). 
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The remaining animals were killed in from 262 to 318 days. The other 

dog upon which the modified technic was used had a small neuroma, com- 
pletely subcortical, after 299 days (Fig. 3). Two dogs in which the single- 
hole technic was used had only small neuromas, though somewhat larger than 
the one just mentioned. In one of these, after 276 days, the neroma had 
burrowed deep into the bony tissue. Apparently a deeper cavity had been 
made in this instance. In a dog kept for 262 days, a cyst had replaced the 
distal one-third of the neuroma. 

The two dogs in which the ulnar nerve had pulled out served as admirabk 
controls. These were the first to be operated upon and their time of survival 
was slightly longer—318 and 314 days. In these two instances the neuromas 
were from two to four times the size of the buried neuromas (Fig. 4). 

During the course of this study the method was employed by Dr. K. O. 
Haldeman and Dr. Helen Hagey, of the Department of Orthopedics, in a case 
in which amputation was performed through the humerus because of a distally 
located malignant tumor. After five months there was no demonstrable 
neuroma in any of the nerves. The method has been used since in amputations 
carried out on the University of California Surgical Service at the San Fran- 
cisco Hospital, thus far with no reported unsatisfactory results 

At present, studies are being made of the implantation of nerves into the 
fatty marrow and of combining the implantation of the nerve into bone with 
the injection of sclerosing agents to reduce further in size the ends of the cut 
nerves. 

Statements concerning the value of implantation of the cut end of a nerve 
into bone for the prevention of painful amputation neuroma cannot be made 
at the present time. It can be concluded, however, that the method described 
is practicable, that the resulting neuroma will be small and that it will be 
protected from traumatic and toxic influences. On this basis further use of 
the method seems to be indicated. 
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INTRAVENOUS GELATIN* 
ALEXANDER BrunscHwiG, M.D., Nancy Corsin, M.S., 
AND 
CARTER D. Jounston, Pu.p. 


Cuicaco, Int. 


FROM THE DEPARTMENTS OF SURGERY AND BIOCHEMISTRY, UNIVERSITY OF CHICAGO, CHICAGO, ILL. 

THE USE OF GELATIN as a Colloid for intravenous injection in the treatment 
of shock in man was first advocated by Hogan in 1915, who reported bene- 
ficial effects in six patients. Each received a single injection of 500 to 
750 cc. of what appeared to be approximately an 11 per cent solution 
in saline. Subsequently there was little interest in its use judging from 
the paucity of reports in the literature. However, Amberson states that 
Hogan's report was the first attempt to use a colloid clinically for infusion 
work and deserves recognition on that account since it stimulated Hurwitz 


(1917) and others to experiment with gum acacia. In 1937, Amberson, in 
a review of the question of blood substitutes stated: “The use of the latter 


(gelatin) can no longer be recommended,” inferring the superiority of 
gum acacia. 

Because of the recent great interest in blood substitutes and also 
parenteral nitrogenous nutrition, the question of intravenous gelatin was 
again studied. The immediate purpose of the investigation was to determine 
whether or not gelatin injected intravenously may be well tolerated by 
man, especially if repeated injections are made, and also to determine if 
gelatin remains inert in the organism or can be metabolized. Studies on 
the possible nutritive value of intravenous gelatin in man have not been 
previously recorded. 

The gelatin (pig skin in origin) employed was designated as “Sample 9.” 
and was received from the manufacturer as a light brown powder. This 
was dissolved in distilled water to afford a 10 per cent se'ution and heated 
for 36 hours at 95° C. (water bath). During heating the py of the solution 
was 4.5 and upon cooling the py was adjusted to 7.5-7.6 with NaOH, 
following filtration. Autoclaving, at 115° C. and 15 pounds pressure, 
was then carried out for 15 minutes for sterilization. After this step a 
precipitate formed and was removed by filtration. A second autoclaving 
was carried out and if the solution remained clear it was used for injections. 
If a precipitate formed again, this was removed by filtration and the solu- 
tion autoclaved again. The initial prolonged heating reduced the viscosity 
of the solutions and lowered the gelling point. Heating also results in 
the breaking up of large gelatin molecules into molecules of smaller size. 
Evidence of this was afforded by the observations that the ammonia N/ was 

* This study was carried out under a grant from the Edible Gelatin Manufacturers 
Research Society. 
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0.8 per cent of total N/ in the gelatin before the 36-hour heating period 
and at the end of this period it was 1.4 per cent of the total N. Amino-N/ 
rose from 1.5 per cent of total N/ to 5 per cent of total N/ after heating. 


ANIMAL EXPERIMENTS 


Preliminary observations as to the possible nutritive value of intravenous 
gelatin were made upon dogs maintained on a low protein diet. (‘‘Weech 
diet” —1.3 Gm. N. per 1200 caloric equivalent). After an initial period of 
observation, during which urinary nitrogen excretion and nitrogen intake 
were recorded (nitrogen balance studies), daily injections of 150 to 250 
cc. of 10 per cent gelatin solution were carried out for several days; this 
was followed by a period of observation without gelatin injections. The 
data are summarized in Table I. 


TABLE I 
NITROGEN BALANCE STUDIES IN DOGS RECEIVING LOW PROTEIN DIET AND GELATIN INTRAVENOUSLY 


Av. Daily N. Av. Daily Daily 
Av. Daily N. Intrav. Av. Daily N. Urea N. Nitrogen 
Excretion Balance 


per os Gelatin Loss 
Gm. 


Period Days Gm. Gm. Gm. Gm. 
1.02 


Dog 450 I 3 0 
1.2 


Wt. 10 Kg. Il 

II 
Dog 463 I 
Wt. 8.3Kg. II 


Dog 447 I 

Wt. 7.4 Kg. I] 
Ill 

Dog 449 I 

Wt. 6.5 Kg. II 1 
III 3 0 


Nw NM vi ¢ 


oo 


In Dogs 450, 463 and 447 injections of gelatin permitted of positive 
nitrogen balance. This, or a nitrogen equilibrium, was maintained after 
cessation of gelatin injections, suggesting that all injected gelatin / was not 
immediately excreted during the injection periods. It is also to be noted that 
urea excretion was elevated slightly during the period of gelatin injections, 
and this, in the presence of a positive nitrogen balance and increased nitrogen 
intake, (the increase being due mainly to gelatin), suggests that at least 
same of the gelatin was catabolized. Dog 449 refused to eat after the 
seven-day period of gelatin injections. The elevated total nitrogen excretion 
persisted after cessation of injections resulting in marked negative nitrogen 
balance; the nitrogen loss being in excess of the net nitrogen gain during 
the preceding period. Similar observations were noted in two other dogs. 
These findings are somewhat analagous to the observations of Elman that 
while nitrogen is injected as plasma in dogs, a positive nitrogen balance 
may obtain hut that during the period subsequent to cessation of injections 
a negative nitrogen balance obtained which was approximately equivalent 
te the net nitrogen gain during the periods of plasma infusions. The cause 
lor the above differences may be associated with several factors that depend 
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upon the general state of the animal. If the dogs refused to eat following 
the gelatin injections, the marked negative nitrogen balance obtained. 
When they did consume by mouth approximately what they did prior to 
the periods of gelatin injections, the net nitrogen gain resulting from these 
injections was maintained. Possibly the ingestion of amino-acids by mouth 
with the food protein—essential amino-acids that were not present in the 
gelatin (which is an incomplete protein)—is of major importance in facili- 
tating the metabolism of gelatin injected by vein. Studies on the variations 
of plasma proteins in depleted dogs receiving gelatin were also carried 
out but will not be reported here since methods for differentiation of cir- 
culating injected gelatin and blood plasma proteins have not as yet proved 


satisfactory in the writers’ experience. 





OBSERVATIONS IN MAN 


Trial intravenous injections of several cubic centimeters of the 10 per 
cent gelatin solution in patients provoked no reactions. Larger amounts 
were injected in a number of patients and no reactions observed except 
in one patient who also exhibited chills and a moderate rise in temperature 
following injection of pooled human plasma. Patients presenting carcino- 
matosis were then placed on nitrogen balance regimen and gelatin (150 
to 250 cc. of 10 per cent aqueous solution) injected for three to twelve 
days consecutively. No reactions were observed. In some instances a second 
series of injections was made ten to fourteen days after cessation of the 
first series and no hypersensitivity was noted. In general, the injections 
appeared to be as well tolerated as saline infusions. The nitrogen balance 
studies in six patients are summarized in Table II. 


TABLE II 





NITROGEN BALANCE STUDIES IN HUMAN PATIENTS RECEIVING GELATIN INTRAVENOUSLY 












Av. Daily Av. Daily Av. Daily Av. Daily 
N. Intake N. Injected Total N. Urea N. Av. Daily 
by Mouth as Gelatin Excretion Excretion N. Balance 
Gm. Gm. Gm 


Gm. Gm. 





Feriod 


Patient 





I. G. F. I 2 13.52 0 5.68 4.11 
52 years II 4 12.00 3.00 7.38 4.16 
(carcinomatosis) III 7 11.74 0 6.76 $17 

2. 3. rf I 5 16.64 0 8.43 5.4 
34 years II 5 15.00 3.00 12.00 7.58 
(small bowel III 3 13.00 0 9.00 6.85 
fistula) 

im. 8:8. 4g I 4 7.90 0 6.44 4.26 +1.46 
42 years II 4 6.90 227 9.00 4.92 t 17 
(carcinomatosis) III x 6.76 0 6.54 5.22 + .22 

vv. Ge 9 I 7 6.00 0 4.57 3.44 +1.45 
54 years II 10 3.60 8.2 4.60 3.87 +-1.20 
(carcinomatosis) III 10 4.40 0 3.14 2.10 +1.26 

Y ok oF I 2 0 0 3.76 1.42 —3.76 
34 years II 3 0 4.34 7.72 ait8 2.38 

III 4 0 0 5.55 2.65 5.55 

Vi, 2. L. ¥ I 4 7.76 0 4.84 3.84 +-2.92 
32 years II 3 7.41 3.10 6.16 2.75 +4.35 
(carcinomatosis) III 3 7.57 0 4.18 2.27 +3.39 
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In Patient I, who had had a total gastrectomy for carcinoma and was 
in an advanced stage of carcinomatosis, a substantial portion of the stools was 





lost, hence no attempt is made to record nitrogen balance. He was given a very 
high caloric high protein diet. The total urinary excretion of nitrogen 
increased during the period of gelatin injections. The urea nitrogen increased 
during the subsequent period of observation, while the total urinary nitrogen 








decreased. This would suggest retention of some gelatin for a_ period, 





with delayed catabolism of it. 
Patient II presented a small bowel fistula and, hence, while on a high 
caloric high protein diet it was not practicable to collect and analyze stools. 







Total urinary nitrogen increased during the injection period. The urea 
N. was elevated during this period and decreased during the period sub- 
sequent to injection although it remained substantially above the level 
of the first period even though intake of N. by mouth was greater during 
the first period. Here, again, it is suggested that at least some of the 









gelatin was catabolized. 

Patient III was in positive nitrogen balance prior to injection of gelatin. 
When the latter was carried out in addition to the nitrogen ingested by 
mouth, the total nitrogen intake being increased, nitrogen equilibrium obtained. 








After gelatin injections ceased but nitrogen by mouth remained about the 
same, nitrogen equilibrium was maintained although urea nitrogen excretion 






increased. Again, the evidence suggests catabolism of gelatin. 

In Patient IV total nitrogen intake during Period II was equal to the 
nitrogen intake during Period I, although during Period II 38 per cent of 
the nitrogen intake was in the form of intravenous gelatin. Urea N. 
excretion during the second period was elevated; positive nitrogen balance 
was also practically as great as during the first period. During Period III 
the positive nitrogen balance was maintained. Total N. and urea N. excre- 
tion fell, due to decreased total N. intake. In this patient intravenous gelatin 
appears to have effectively substituted for some of the protein taken by mouth. 

In Patient V no food was taken by mouth, and he received nitrogen 
only as intravenous gelatin. The net nitrogen loss was less during the 
injection period than before or after injections. The urea N. excretion 
increased during the injection period and remained elevated during Period IT] 
after injections ceased. This increased urea N. excretion during and after 
the injection period could hardly be accounted for on any other basis than 

















catabolism of the injected gelatin. 

Patient VI ingested by mouth a constant amount of protein during the 
three observation periods. When additional nitrogen in the form of intra- 
venous gelatin was given, the total N. excretion increased but not suf- 
ficiently to prevent increased positive nitrogen balance, which increase 
persisted during the period following gelatin injections. The urea N. 
excretion did not increase in Periods II and III, thus this patient provides 
an exception, in this respect, compared with those cited above. The in- 
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crease in positive nitrogen balance suggests that there was increased storage 
of N. under the conditions of the experiment. (In some dogs, not reported 
above, gelatin injections were also followed by periods of reduced urea N, 
excretion, the explanation for these exceptional instances is not clear. ) 

Discussion.—Gelatin is an incomplete protein, in that all essential amino- 
acids are not present. Therefore, alone, it cannot be expected to afford an 
effecient source of nitrogenous substances for protein synthesis. ‘That 
gelatin is well tolerated when injected intravenously has again been demon- 
strated in man. This tolerance extends to repeated daily injections and a 
hypersensitivity does not develop. Evidence was observed to suggest that 
gelatin injected intravenously is not inert but that at least part of it is 
catabolized, since increased urea N. excretion usually obtains when such 
injections are made. In the absence of elevated temperature and where 
ingestion of N. as food protein is more or less constant, the increased urea 
N. excretion which signifies increased protein catabolism could hardly have 
resulted from other sources than the injected gelatin. One alternate pos- 
sibility is that gelatin stimulates catabolism of body protein stores and 
thus the increased urea N. was not from gelatin itself. This explanation, 
however, would presuppose substitution of gelatin molecules for body 
protein molecules, since positive nitrogen balances obtained in the above 
experiments. Such an explanation would seem to be farfetched. A portion 
of the gelatin injected intravenously is excreted in the urine unchanged, and 
possibly some of the molecules may be retained, for a period at least, 
unchanged within the body, thus complete catabolism of a given quantity 
of gelatin injected intravenously does not obtain. (Brunschwig, Scott, 
Corbin and Moe) 

It would appear, therefore, that nitrogen may be introduced intravenously 
with comparative safety into the organism, in the form of incomplete protein 
molecules—gelatin. Since the latter does not include all essential amino-acids, 
gelatin alone is an inadequate source of nitrogen for nutritional purposes. 
The fact that it is a colloid, however, and is not inert but is at least partially 
catabolized by the organism suggests possibilities for further investigation 
of gelatin as a parenteral nitrogenous nutriment when the missing essential 
amino-acids may be added either parenterally or per os. 

In conclusion mention may be made of the fact that gelatins vary widely 
in character depending upon the source and methods of manufacture. In 
a study such as reported above, the results cannot be applied a priori to all 
types of gelatin. 

CONCLUSIONS 

1. Some types of gelatin, injected intravenously in human patients, are 
well tolerated. 

2. Evidence is presented to suggest that some of the gelatin injected 
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intravenously is catabolized, in that there is an increase in urea N. excretion 
during and/or following the injections in man. 

3. Intravenous injection of gelatin appears to constitute a method for 
administration of nitrogen that might be utilized for nutrition. Gelatin as 
an intravenous nitrogenous nutriment has the same disadvantages as gelatin 
per os, in that it is an incomplete protein as it does not include all essential 
amino-acids. It cannot, therefore, be anticipated that nitrogen requirements 
for nutrition may be met by intravenous gelatin as the sole source of nitrogen. 


REFERENCES 
1 Amberson, W. R.: Blood Substitutes. Biological Reviews. Cambridge 12, 48-86, 1937. 

Brunschwig, A., Scott, V. B., Corbin, N., and Moe, R.: Observations on the Intra- 
venous Injection of Gelatin for Nutritional Purposes. Proc. Soc. Exp. Biol. & 
Med., 52, 46-48, 1943. 

Elman, R., and Davey, H. W.: Studies on Hypoalbuminemia Produced by Protein 
Deficient Diets: Correction of Hypoalbuminemia in Dogs by Means of Large Plasma 
Transfusions. J. Exp. Med., 77, 1-5, 1943. 

‘ Hogan, J. J.: The Intravenous Use of Colloidal Solutions in Shock. J. A. M. A., 64, 
721-726, 1915. 


1063 





THE SURGICAL TREATMENT OF MALIGNANT LYMPHOMA 


Masor Epwarp A. Gaui, M.C., A.U.S. 


POST MEDICAL DIVISION 


Came McCoy, Wisconsin 


FROM THE DEPARTMENT OF PATHOLOGY AND BACTERIOLOGY, MASSACHIUSETTS GENERAL HOSPITAL, BOSTON MASS, 


It HAS BECOME INCREASINGLY EVIDENT that the gloomy outlook held for 
individuals suffering from malignant lymphoma must be modified in certain 
instances.! In an earlier study’? it was shown that attention to cytologic 
detail permitted a division of these cases into subgroups on the basis of 
which a considerable range of prognosis could be given. Within each of 
these subgroups a majority of the patients followed a predictable course. 
A certain number, however, outlived their fellows to a remarkable degree; 
in fact some appeared to have been freed of their disease. Among these were 
many who instead of receiving the usual! roentgenotherapy had at the outset 
been subjected to radical operative procedures. 

The present study is concerned with forty-eight such cases which have 
in common the fact that all grossly perceptible evidence of lymphoma was 
surgically eradicated at an early operation. 

In accordance with the nomenclature utilized in previous studies,) * 
these cases have been classified into the following seven groups: Stem cell 
lymphoma; clasmatocytic lymphoma; lymphoblastic lymphoma; lymphocytic 
lymphoma; Hodgkin’s lymphoma; Hodgkin’s sarcoma; and follicular lym- 
phoma. For the details of this classification the reader is referred to the 
articles cited above. For purposes of comparison with other systems of 
nomenclature it may be said that the stem cell and clasmatocytic groups 
probably together comprise the bulk of the tumors commonly included under 


the term reticulum cell sarcoma.” 4 


The lymphoblastic and lymphocytic types 
correspond to what has usually been called lymphosarcoma.*:* Follicular 
lymphoma has been named giant follicle lymphoblastoma‘’ and even giant 
lymph follicle hyperplasia. The expression cellular Hodgkin’s disease is 
roughly equivalent to our Hodgkin’s sarcoma and many authors undoubtedly 
include these cases as variants of reticulum cell sarcoma.*: ® 

That great differences in prognosis are associated with variations in 
cytologic type, may be seen by a glance at Table I (reproduced from the 
earlier study’). 

The cases in the present series include, as may be seen in Table II, 
representatives of each of the subgroups with a predominance (27 out of 48) 
of the four malignant types. In spite of this apparently unfavorable distribu- 
tion the median survival period for the group as a whole was 4.5 years, 
more than twice that of the large control series the majority of the cases 
of which were treated by roentgenotherapy alone. 


The number of cases in certain of the subgroups is undoubtedly too small 
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TABLE I 
DURATION OF MALIGNANT LYMPHOMA (YEARS) 
(618 Cases Miscellaneously Treated) ! 

Type Average Median 
Lymphoblastic lymphoma. . 1.4 0.6 
Hodgkin's sarcoma.... 1.8 0.9 
Stem cell lymphoma.... 1.7 11 
Clasmatocytic lymphoma 2.1 ‘5 
Lymphocytic lymphoma 3.3 2.4 
Hodgkin's lymphoma... 4.2 3.2 
Follicular lymphoma 5.6 5.0 

TABLE II 
EFFECT ON SURVIVAL 
(Radical Surgery versus Roentgenotherapy) 
Number of Range of Median of Median of 
Type Cases Survival Surgical Group X-Ray Group 

(years) (years) (years) 
Lymphoblastic lymphoma. . 5 0.2-2.5 0.2 0.6 
Hodgkin's sarcoma 2 2 0.0-0.2 0.2 0.9 
Stem cell lymphoma...... 9 0.0-15.3 5.0 1.1 
Clasmatocytic lymphoma 11 0.2-16.5 4.9 1:1 
Lymphocytic lymphoma. . 9 0.0-10.0 aus 2.4 
Hodgkin's lymphoma........ : i) 0.0-19.0 5.4 oe 
Follicular lymphoma... ; Peet. 3 4.5-8.5 +5 5.0 


to warrant conclusions. In the stem cell and clasmatocytic groups (20 cases), 
however, the median survival periods are nearly five times as long as in the 
control series and in the lymphocytic and Hodgkin’s lymphomas (18 cases) 
nearly twice as long. The figures are sufficiently arresting to justify atten- 
tion and analysis. 

Admittedly, these cases must be considered highly selected from a 
surgical viewpoint, since there have been excluded those in which the 
operator was not satisfied that he had removed all visible and palpable 
neoplastic tissue. It is believed, however, that the cases chosen may be 
considered as fairly representative of the lymphomatous group of diseases. 
All seven types were present. The age and sex incidences of the surgical 
series are identical with those of the larger series previously reported. The 
average age at onset was 41.1 years, and the proportion of males to females 
was 2:1. 

There was wide variation in the duration of symptoms preceding opera- 

tion, ranging from a few days (recorded as 0.1 years) to five years. The 
average preoperative duration of symptoms was 1.0 years, the mean 0.5 
vears. In the larger series of miscellaneously treated cases the average pre- 
treatment period was 1.3 years. It does not appear, therefore, that the 
patients included in the present study received therapeutic attention sig- 
nificantly earlier than the general run of individuals with the same disease. 
Moreover, it is apparent from Table III that the preoperative duration of 
symptoms bore no relationship to postoperative survival. 

None of the patients received preoperative roentgenotherapy, which is 
not surprising since the histologic nature of the lesion was unsuspected in 
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been known, it is 
probable that the dictates of custom would have precluded operation in the 
Postoperative prophylactic irradiation 
patients in amounts varying from 600 r. to 1800 r. 
The results were inconclusive, and it is not possible to comment concerning 


Thirteen other patients received irradiation 


at a later time for recurrence of the original tumor. 
individuals was satisfactory in eight instances. 
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Six of the 48 patients were considered lost, although three remained 
under observation after operation for 2.6 years, 3.5 years and 8 years, re- 
spectively. Twenty-three cases were known to be dead but among these 
were several dead of causes unrelated to lymphoma. Nineteen patients were 
alive, and only one of these had shown evidence of lymph node disease at 
the last examination. All of the others had been free of symptoms or 
objective signs for three or more years. 

Recurrence, either locally or elsewhere, was observed in 23 patients. The 
recurrence had appeared an average of 2.2 years after operation although 
in eight patients there had been an interval of three to seven years. Among 


the 23 patients who died there were 13 with recognizable lymphomatous lesions 


at the time «f death, four in whom the cause of death was unknown and 
six with no evidence of lymphoma. The latter included five cases dying 
shortly after operation the deaths being presumably surgical in nature. 
Obviously, insufficient time had elapsed in these to permit the development 
of recurrence. 

Six of the dead cases were necropsied. In four (0.2, 0.25, 2.5 and 10 
years after operation) extensive lymphomatous infiltration was found. One 
case dead of postoperative intestinal obstruction and another who died 
of prostatism and peritonitis 4.5 years after operation showed no persistent 
residua of neoplastic disease. 

Exclusive of the two cases who disappeared immediately after discharge 
from the hospital, the average postoperative survival period for all cases 
was 5.2 years and the overall total duration from the date of onset was 
6.9 years. These figures are, respectively, two times and almost three times 
the levels of similar figures obtained from identical cases treated by 
other means. 

TABLE IV 
“CURED” CASES OF MALIGNANT LYMPHOMA 


No Evidence Total 
Disease Duration 
Type Location (Years) (Years) Status 
10.: Alive 
9.: Alive 
7 
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Follicular Ing. L. N. ' Dead 
Follicular Ing. L. N. 5 Alive 
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Listed in Table IV are 20 cases, 18 of them still alive, one dead without 
evidence of lymphoma at necropsy 4.5 years after the excision of the 
primary process, and one patient lost from observation eight years after 
operation. Five of the patients had had local recurrence. These were 


treated by secondary excision in two and irradiation in three. They had 


had no further evidence of their disease 3.0, 6.0, 8.8, 9.5, and 14.8 years 
since the secondary procedure. Another case, although apparently free 
from lymphoma for five years, has been institutionalized for active pulmonary 
tuberculosis. The average postoperative survival for this group of 20 cases’ 
is eight years, and both the average and mean total duration nine years. 
They have, thus, as a group exceeded all expectations for survival, and those 
- living are clinically apparently free of lymphoma. 

Discussion.—It seems obvious that a blanket prohibition of surgical 
therapy in malignant lymphoma is unwarranted. It is equally apparent, how- 
ever, that relatively few cases are susceptible to this therapeutic method. 
Comparatively few patients have sufficiently localized and accessible lesions 
when first encountered. It is of interest that among 135 necropsies upon 
lymphomatous individuals the lesions were completely localized in 10 
per cent of the subjects. This figure cannot be considered representative 
of the proportion of tumors which might be treated surgically since a 
significant number appear in inaccessible regions and not a few may remain 
sufficiently obscure clinically so that the need for exploration may fail to 
materialize. In the event that the lesion is circumscribed, reasonably limited 
in size and accessible technically there seems to be no factual basis for the 
avoidance of surgery. 

The question of diagnostic biopsy as a preliminary to radical operation 
raises a moot point. A discussion as to whether or not the procedure may 
be a means of dissemination does not lie within the province of this paper. 
The need for biopsy arises in so many instances that it will be practiced 
whatever the individual opinion. Under such circumstances, however, the 
following observation is distinctly worthy of recognition. In a group of 
33 cases with malignant lymphoma of the gastro-enteric tract only four 
showed metastasis to regional lymph nodes. In 16 instances lymph nodes 
had seemed to be the seat of metastasis at gross examination but showed 
only banal inflammation or hyperplasia upon microscopic examination, It 
is recommended, therefore, that if biopsy is contemplated it should be made 
within the primary visceral lesion, when there is one, and not in adjacent 
lymph nodes even if they appear to be involved to inspection or palpation. 
On many occasions diagnostic biopsy has been unsuccessful when this recom 
mendation has been ignored. It is surprising ‘but nonetheless true that a 
disease so prone to rapid dissemination through the lymph node system 
should upon affecting a viscus primarily be less likely to spread in this 
manner than carcinoma in the same location. 

Reference to the survival figures can permit no doubt that surgical 


1068 





Volume 118 MALIGNANT LYMPHOMA 


Number 6 

eradication does improve the prognostic outlook in selected cases of 
lymphoma.'” 1" '* This is most strikingly the case in the reticulum cell 
sarcoma group (stem cell and clasmatocytic lymphoma). Is it possible that 
the surgical success is apparent only and can be attributed to other factors? 
Since all types of malignant lymphoma comprised this series it would appear 
that there was no selection on a histologic basis. As a matter of fact the 
majority of patients in this series suffered from the more malignant forms 
of lymphoma. It is within the realm of possibility that the extranodal location 
of these lesions may have caused modification in the clinical course. Pro- 
longed survival of this sort has been recorded elsewhere, notably with lesions 
of bone and skin. This is belied in part by the presence of 16 primary nodal 
cases in the present series and further emphasized by the fact that seven 
of these appeared in the so-called “cured” group (Table IV). Moreover, 
in an analysis of our own material there were found 31 cases with primary 
lymphomatous involvement of a viscus or bone which at the time of 
initial examination appeared to be circumscribed. In contradistinction to 
the present group these cases were treated after biopsy by irradiation alone. 
Although the range of survival in these extended from 0.1 to 9.3 years the 
average total duration was 2.1 years and the median 1.0 years. The dis- 
tribution and histologic nature of the lesions were similar to those in the 
group of surgically treated cases. It would seem, then, that neither the 
location of a lesion nor its morphologic structure could account for the 
improvement of prognosis observed following radical surgery. 

The question of the advisability of postoperative prophylactic irradiation 
to the operative site cannot be answered with certainty. Twenty-one cases 
were so treated, and among these eight suffered recurrence, ten had no 
recurrence, and in three the outcome is not known. It is probably wiser to 
administer irradiation to those cases in which the surgeon does not feel con- 
fident that he has extirpated all foci of involvement. Preoperative irradiation 
would seem to be pointless except in those cases in which a bulky tumor 
might be made more available to surgical manipulation as the result of 
shrinkage caused by roentgen radiation. Under other circumstances it should 
be appreciated that irradiation can so affect a lesion as to render its 
histologic identification impossible or so disturb adjacent tissues as to 
interfere with both the surgical procedure and subsequent healing. 

In a disease as prone to clinical variation and in which progression may 
occur insidiously without overt manifestation it would be foolhardy indeed 
to claim that cures are effected by any means. It seems reasonable to state, 
however, that cases judiciously selected in the manner indicated above may, 
ii treated by radical surgery, experience far better results than might be 


anticipated from roentgenotherapy alone. 


SUMMARY AND CONCLUSIONS 
1. This study concerns itself with 48 cases of malignant lymphoma of 
all types, with sufficient localization to permit radical surgical excision. 
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2. Despite several deaths immediately after operation the average post- 
operative duration was 5.2 years and the average total duration 6.9 years. 


3. These figures were significantly greater than those obtained fron 


other cases treated by irradiation alone. 


4. There were 20 cases without residual evidence of lymphoma including 


4 aE? 


one which came to necropsy 4.5 years after operation. The average total 
duration of these cases was nine years and the postoperative range extended 
from 3 to Ig years. 


Sati. 
ee 


5. It is beieved that radical surgery has a very definite place in the 

treatment of certain cases of malignant lymphoma and that apparent freedom 

from the disease for long periods of time has resulted in many individuals 

so treated. 
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BRIEF COMMUNICATIONS 
TRAUMATIC RUPTURE OF THE THORACIC AORTA* 
CASE REPORT 


Captain LeRoy J. KLemnsasser, M.C. 


STATION HOSPITAL 


GuLrrvort Frevp, Miss. 


TRAUMATIC RUPTURE of the thoracic portion of the aorta is rare. Accord- 
ingly, the report of a case of almost complete rupture or tear of the thoracic 
aorta as a result of trauma alone, which resulted in the death of the individual 
is considered of interest. 


Case Report.—A soldier, white, male, age 36, while walking, was struck by 
a two and one-half ton Army truck, which threw him approximately 30 feet, killing 
him instantly. The body was brought to the Station Hospital, Gulfport Field, Miss., 
and an autopsy was performed. Inspection revealed severe injuries, as evidenced 
by lacerations of the skin of the right frontal region, over the bridge of the nose, 
upper lip, penetrating the entire thickness of the lip for two centimeters, denuded 
skin over the fourth and fifth knuckles of the left hand, and a compound fracture 
of the first phalanx of the right index finger, which was almost completely severed. 
On palpation, there were multiple fractures of the bones of the nose, ribs, and the 
middle third of the right femur. There were also linear tears of the liver and the 
left kidney. 

There were fractures of the right ninth and left ninth and eleventh ribs. Upon 
removing the anterior chest plate, approximately 2000 cc. of dark blood mixed with 
clots were found in the left pleural cavity, with associated collapse of the left 
lung. There was considerable hemorrhage into the mediastinum. The right lung 
was bloody and wet. 

At the junction of the aortic arch and the thoracic aorta, there was a tear on 
the left side, almost completely transecting the aorta, except for a small area I cm. 
in length. This undoubtedly was the cause of the hemorrhage into the medias- 
tinum and the left pleural cavity. There was no evidence of previous disease 
of the aorta. 

Death was due to exsanguination as a result of a traumatic rupture of the 
aorta with bleeding into the left thorax and mediastinum, associated with multiple 
fractures of the ribs, nose, right femur, and the right index finger, and lacerations 
of thé liver and the left kidney. 

Discussion.—Ruptures of the aorta may be classified according to 
etiology as follows: (1) Trauma; (2) extrinsic erosion; (3) hypoplasia ; 
(4) coarctation; (5) inflammation; and (6) degeneration. The arch of 
the aorta lies in the superior mediastinum behind the lower part of the 
manubrium sterni. It commences behind the right margin of the sternum 
at its union with the second costal cartilage, and extends to the left across 
the trachea and then backwards, to end at the left side of the lower border 
of the fourth thoracic vertebra. At its commencement, it has the same 


diameter as the ascending aorta, 28 mm. (1.8 inches), but after giving 
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off three large branches, the diameter is reduced to 23 mm. (a little less 
than 1 inch).”° 
posterior mediastinum; it extends from the termination of the arch, at the 
lower border of the left side of the fourth thoracic vertebra, to the aortic 


The thoracic portion of the ascending aorta lies in the 


opening in the diaphragm, where opposite the twelfth thoracic vertebra, 
it becomes continuous with the abdominal portion. Its length is from 17.5 
to 20 cm. (7 to 8 inches) and its diameter diminishes from 23 mm. at its 
commencement to 21 mm. at its termination.*! 

From an anatomic viewpoint, it can be seen that the site of rupture of 
the thoracic aorta in this case is distal to the point where the major branches 
of the arch emerge. This point of emergence represents a relatively fixed 
portion, whereas distal to this is a comparatively mobile portion of the thoracic 
aorta. Thus, the point of junction of these two elements is most likely 
to be subjected to strain, particularly in the event of a severe, sudden blow 
displacing thoracic structures by force of momentum, producing either a 
direct or contrecoup injury. Since there is no evidence of fracture of the ribs 
or sternum in the vicinity of the tear in the aorta, it must be assumed that 
there was no direct trauma. However, the bony thorax is not a rigid structure 
but can be compressed both laterally and anteroposteriorly to a varying 
degree, depending on the age of the person and the resilience of the car- 
tilaginous rib ends. In this instance, the individual was of middle age and 
there was no evidence of premature calcification of the cartilages and their 
resilience was normal. According to Warfield, the mechanism in injuries 
to the heart and the proximal! portion of the aorta or the root is that 
in full inspiration, sudden compression of the chest finds the heart caught 
and held between the inflated lungs. A violent blow on the chest, whether 
over the heart or not, may injure the heart, particularly if it is in diastole. 
It may rupture the myocardium, a valve, or the root of the aorta. 

Narr and Wells'® hold that the confinement of fluid in any given space 
depends upon two factors; viz., the strength of the container and the pressure 
exerted upon it by the confined fluid. Both factors may be altered simul- 
taneously in the human aorta. Therefore, more than one important change 
may be present in any given case of rupture. Furthermore, we must 
conclude, whether it can be demonstrated or not, that there has been an 
alteration of at least one of these forces. Klotz and Simpson’ found in 
testing aortas of individuals between the ages of twenty and forty years. 
that a pressure of 1000 mm. of mercury was not sufficient to rupture its 
walls. Oppenheim’ found that rupture occurred at a pressure of about 
3000 mm. of mercury in normal human aortas. Moritz!® found that pressures 
of from 800 to i200 mm. of mercury induced through a cannula inserted in 
the proximal end of the aorta of living rabbits resulted in rupture of the 
portal vein or its tributaries. The aorta could not be ruptured because of the 
rapid flow of blood through its peripheral circulation. Sudden changes of 
pressure will have much greater effect than a continuous force. Conse 
quently, these figures are higher than those in the sudden tearing force 
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necessary to burst a normal aorta. This result is apparently due to the 
sudden transmission of the force of the blow to the confined noncompressible 
blood. It is interesting that in traumatic ruptures, as in ruptures due to 
other causes, the site of predilection is in the ascending portion of the arch 
and at the duct of Botalli, thus favoring either Rindfleisch’s’ theory that these 
areas, being comparatively fixed, are predisposed to injury, or Abbott’s! 
belief that the aorta may be congenitally weak in these regions. 

Terrific blows to the thoracic cage have repeatedly resulted in the 
rupture of the aorta, which have been considered structurally normal, as 
cited by Rolleston,?* Busse,> Copeland,* Jaffe and Sternberg,’ Landau," 
Kemp,® and Griffiths.§ There are but few cases of traumatic rupture and 
those described have all been associated with grave thoracic injuries. Flying 
objects, such as blocks of wood or stone, train and automobile accidents, falls 
from high buildings, bridges, and airplanes, have all been found the cause 
of bursting the aorta. Ccpeland* reports a case of traumatic rupture of 
the healthy thoracic aorta without external signs of the cause of death. A 
laborer, age 40, was struck by a large mass of falling earth, which gave 
him a glancing blow on the back, knocking him down. At postmortem, there 
was free blood in the peritoneal cavity and the left pleural cavity. The 
descending aorta was ruptured straight across, with no evidence of disease. 
Griffiths® reports a case of traumatic rupture of the thoracic aorta in a 
man, age 26, who was admitted to the hospital dead, having been involved 
in a motorcycle accident. Autopsy showed several severe injuries and at a 
point beyond the origin of the great vessels there was a T-shaped rupture 
of the aorta with considerable extravasation of blood. 

Two cases reported by Landau and Kemp are interesting. Kemp* reports 
a case of traumatic rupture of the aorta in a male, age 45, admitted dead, with 
a history of having been struck on the head and chest by a portion of a stone 
fly wheel, which had been separated while revolving at full speed in a motor 
works. He had a large abrasion over the sternuin. Autopsy revealed the 
sternum to be fractured obliquely from above downwards and backwards 
at the level of the third to the fourth costal cartilages. There was extrav- 
asation of blood into the anterior mediastinum. The pericardium was 
greatly distended with blood which had escaped from a transverse tear 
of the aorta, just beyond the line of the aortic valve. Landau’! reported 
a case of rupture of the normal aorta in a woman, age 68, brought in dead, 
having been knocked down by a motor car. Examination of the body showed 
a wound of the forehead and a compound fracture of the nasal bones. There 
was no external sign of injury to the chest, but a quantity of clotted blood 
and serum was found in the pericardial cavity. This was seen to have come 
from a rent involving all the coats of the aorta for half its circumference, 
just above the coronary orifices. These two cases are examples of tears of 
the root of the aorta. with intrapericardial bleeding. 

Unquestionably, altered blood pressure plays an important rdle in rupture 
of the aorta. Cases of rupture of the aorta associated with chronic high 
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blood pressure are relatively frequent, as cited by Lifvendahl,!? Oppenheim,! 
Busse,” Loffler,’ Strickland,** McLean and Fiddes,!° and many others. 
Kesearch into the literature reveals records of numerous cases of rupture 
of the aorta secondary to disease processes, as cited by Lundberg,!* Sheldon 
and Dyke,?* and Warfield.2* The majority are associated with arterial dis- 
ease, namely, atheroma or aneurysmal dilatation. 

In considering extensive injuries of the aorta of the perforating type, 
the classification resolves itself into whether the injury is intrapericardial 
or extrapericardial. Piercing injuries of the extrapericardial portion of the 
thoracic aorta usually result in early death, because there is no surrounding 
structure, such as the pericardium, to limit the loss of blood. The infrequency 
of wounds of the intrapericardial part of the aorta is due to its position 
behind the sternum and to the fact that it is quite short. Blalock,’ reports 
the successful suture of a wound of the intrapericardial portion of the ascending 
aorta of a Negro youth. There has appeared in the literature only one 
previous report of the successful suture of a wound of the thoracic aorta. 
This operation was performed by Dshanelidze,> of Russia. Subsequently 
Elkins,® in 1941, reported the successful suture of an ice-pick stab wound 
of the first portion of the aorta. 


SUMMARY 
A case of traumatic rupture of the thoracic aorta is reported, involving 
the junction of the arch and the descending portion of the aorta. 
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ERRATUM 


We wish to call attention to an unfortunate oversight in the publication of the color 
illustrations of Dr. John W. Holloway’s paper, “Regional [leitis,” in the September, 1943, 


issue of ANNALS OF SURGERY, page 320. The legends for Figures 2 and 3 were reversed. 








ANNOUNCEMENT 


FINNEY-HOWELL RESEARCH FOUNDATION, INC. 


Announcement has been made by the Finney-Howell Research Foundation, 

Inc., that all applications for fellowships for next year must be filed in the 
office of the Foundation, 1211 Cathedral Street, Baltimore, Maryland, by 
January 1, 1944. Applications received after that date cannot be considered 
for 1944 awards, which will be made the first of March, 1944. 
_ This Foundation was provided for in the will of the late Dr. George 
Walker of Baltimore for the support of “research work into the cause or 
causes and the treatment of cancer.” The will directed that the surplus income 
from the assets of the Foundation together with the principal sum should be 
expended: within a period of ten years to support a number of fellowships in 
cancer research, each with an annual stipend of two thousand dollars, “in 
such universities, laboratories and other institutions, wherever situated, as 
may be approved by the Board of Directors.” 

Fellowships carrying an annual stipend of $2000 are awarded for the 
period of one year, with the possibility of renewal up to three years; when 
deemed wise by the Board of Directors, special grants of limited sums may 
be made to support the work carried on under a fellowship. 

Applications must be made on the blank form which will be furnished 
by the Secretary or any member of the Board of Directors. 

October 1, 1943. 





At the March meeting of the Board of Directors of the Finney-Howell 
Research Foundation, Inc., 1211 Cathedral Street, Baltimore, Md., the follow- 
ing annual fellowships were awarded for 1943: 


For the third year: 

Rose I. Shukoff, M.D., University of Petrograd. To work at the Glasgow Royal Cancer 
Hospital, Glasgow, Scotland, under Dr. P. R. Peacock. 

Emilia Vicari, M.D., Ohio State University. ‘to work at the Jackson Memorial 
Laboratory for Cancer Research, Bar Harbor, Maine, under Dr. C. C. Little. 

For the.second year: 

Borroughs Reid Hill, M.S., Tulane University. To work with Dr. Louis Fieser at 
Harvard University. 


New: 

Nelicia Maier, M.D., Medical School, Paris, France. To work at Yale University 
Medical School, New Haven, Conn., with Dr. Wm. T. Salter. 

James Alexander Miller, M.S., University of Wisconsin. To work at the Medical 
School, University of Wisconsin. 
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BOOK REVIEWS 


Tue SEXUAL GLANDS OF THE MALE. By Oswald S. Lowsley, M.D., Frank Hinman, 
M. D., Donald R. Smith, M.D., and Robert Gutierrez, M.D. Oxford University Press, 
619 pp., $10.00, New York, 1943. 

This text is largely reprinted from the Oxford Loose Leaf Urology. The subject 
matter and the manner of its presentation are well known to urologists from previous 
writings by these well-known authors. However the present text is brought up to date 
and each subject is discussed thoroughly.. Approximately one-half of the 619 pages 
are given to a detailed consideration of the seminal vesicles and vasa deferentia. 
Lowsley’s contribution on the prostate gland comprises I91 pages of which 81 are 
devoted to surgical technic and illustrated by the incomparable drawings of Wm. Didusch. 
Hinman and Smith deal largely with the clinical and pathologic features of diseases 
of the epididymes and testicles, surgicai technic for the most part, being omitted. 
Some of the surgical practices advocated by Dr. Lowsley might provoke considerable 
controversy; thus his advocacy of total perineal prostatectomy for benign prostatic 
hyperplasia, as a means of preventing cancer, will no doubt prove too radical for the 
average urologist. He continues to employ, but apparently less often, cystotomy pre- 
liminary to perineal operations upon the prostate gland; this needs no further controversial 
discussion. Endocrine therapy in prostatic cancer is said to bring results comparable 
with those reported by Huggins; no statistics are given. It is suggested that a “tuck,” 
using ribbon catgut, be taken in the external sphincter muscle after prostatectomy to 
prevent urinary incontinence; elsewhere it is stated that perineal operations upon the 
prostate gland should not be followed by incontinence. 

This section, as is true of all of Dr. Lowsley’s contributions, is thorough, interesting, 
stimulating and, in some respects, original. The chapters by Hinman and Smith are 
entirely adequate and presented in an orderly manner, appropriate in a work of this 
kind. The fact that the radical operation for testicular cancer has been discarded, 
is not so surprising as former advocacy of the procedure, based on statistical proof 
of its superiority over simple orchiectomy. Among the reasons given for this change 
of attitude is the alleged efficiency of deep roentgenotherapy which, from our experience, 
is a weak argument. One could scarcely take exception to the thoroughness with 
which Gutierrez has presented his subject. However, it seems to me that the obsolete 
operations upon the seminal vesicles might have been described with less detail. One 
might question the author's advocacy of vesiculectomy for the treatment of chronic 
vesiculitis especially for psychotics and sexual neurasthentics. Conservative treatment 
is described “with the understanding that these procedures are in reality only pre 
liminary steps leading to the main work which is always surgical.” 

It has long been our impression that operations upon the seminal vesicles for chronic 
inflammation belong largely to another era. However, this is a complete and highly 
valuable contribution. This volume shares with the majority of “systems” the common 
weakness of disregarding the relative importance of various subjects in proportioning 
the text. “The Sexual Glands of the Male” will undoubtedly prove valuable both as 
a text book and for purpose of references. 

Leon HERMAN, M.D. 





RENAL LiruiAsis: Charles C. Higgins, M.D., Springfield, Ill., and Baltimore Md.: 
Charles C. Thomas, $3.00, 1943. 

This monograph comprises 140 pages of text with 18 illustrations. Its chief value 
lies in a comprehensive discussion of the causes and development of urolithiasis to which 
70 pages of text are given. 


1077 








BOOK REVIEWS Annals of Surgery 


December, 1943 


The author presents the results of extensive personal investigations dealing chiefly 
with the etiologic influences of diez. The value of these studies is in no way lessened 
by the fact that they are largely confirmatory of previous demonstrations by animal 
experimentation of the association of deficiencies in vitamins A and C with urolithiasis 
and kertinization in the urinary tract. 

The various technics employed in chemical analyses of stones, including that favored 
by the author, are described. Dietary treatment is given in detail and its value estimated 
with commendable conservatism. This is likewise true of the discussion of the various 
local methods used in the attempt to dissolve stones. With the exception of cystin and 


soft alkaline stones, successes have been few. 
The author, as did Crowell, succeeded in dissolving a cystin kidney stone. Dr. 
Higgins notes recurrence of stone following administration of a high protein diet; this is 


the usual result in cystinurics who are on a normal diet. 
This monograph is well worth the attention of specialists and practitioners alike. 
Leon HerMaAn, M.D. 





OssTETRICAL Practice. By Alfred C. Beck, M.D., 3rd ed. 6% x 10, xi + 938 pp., 
1064 figs. $7.00. Baltimore: Williams & Wilkins Co., 1942. 

This 3rd edition of the book reveals considerable improvement over both former 
editions. First, extensive revision of much of the original text; the addition of con- 
siderable entirely new and up-to-date material; plus more and better illustrations, of 
which there are 1100, make it a more complete textbook of obstetrics. An author is 
indeed fortunate who can draw his own pictures, even though he may not be a skilled 
artist. This is particularly evident in Beck’s “Obstetrical Practice.” 

Parenthetically, and perhaps not the least important, is the excellent “architecture” 
and reasonable price of the book. The publishers, The William & Wilkins Co., 
Baltimore, are to be congratulated. It is no simple job, under existing conditions, to 
publish a textbook of this character and size, containing 1100 illustrations, many in 
color, and keep the price down to prewar levels. 

Throughout this 3rd edition, the author has kept the undergraduate student as well 
as the practitioner in mind, “adding and subtracting” such material as would make 
for completeness, readability and up-to-the-minute information. Among the outstanding 
chapters, might be mentioned those on prenatal care; the mechanism of labor; posterior 
positions of the occiput; breach presentation; forceps and cesarian section, including the 
technic of local infiltration anesthesia. Furthermore, the revised and more complete 
index adds materially to the convenience and usefulness of this edition. 

It is unfortunate that the author does not use the classification of the toxemias 
of pregnancy as advocated by the American Committee on Maternal Health. Indeed, 
he does not give any classification of the toxemias, which in view of the rather generous 
use of tabulations and groupings throughout the book--a very excellent plan—seems 
rather strange. Except for this omission, this chapter forms another outstanding section 
of the book. 

Again, wherever the treatment of hemorrhage and/or shock comes up for discussion, 
there is no mention made of the use of plasma. Since plasma is now so successfully 
used early in all such cases, and in most instances long before transfusion can be 
accomplished, it would seem that such an important life-saving agent should have 
been recommended. 

The importance of anesthesia in obstetrics cannot be overemphasized. Poor anes- 
thesia remains a very potent cause of obstetric deaths. Except for chloroform and local 
infiltration anesthesia, it would seem that the author has not given this subject as much 
attention as it deserves. Fractional spinal or continuous caudal are not discussed. 

The tabulation of an excessive number of references does not materially enhance the 
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value of a teaching text but it does require many» aelditional pages which add to the bulk 
of the book. We suggest, in keeping with the compactness of the text, that fewer 
references generally, and better distribution specifically, would keep the book thoroughly 


modern without detracting from its usefulness. 

It may well be said that in Beck’s “Obstetrical Practice,” 3rd Edition, the under- 
graduate student, the general practitioner, or the specialist has a conservative, concise, 
readable and practical textbook; splendidly illustrated; and at a price that anybody’s 
budget can stand. No one except a good, “seasoned” teacher could have produced such 


a book. We predict an increase in its popularity. 
Harvey B. MattHews, M.D. 





AcuTE INFECTIONS OF THE MEDIASTINUM. By Harold Neuhof, M.D., and Edward 
Jemerin, M.D. Baltimore: Williams and Wilkins Co., 6 x 9, vii + 407 pp., 157 
figs. $6.00. 1943. 

Acute Infections of the Mediastinum, by Neuhof and Jemerin, is destined to fill a 
long neglected gap in our knowledge of acute mediastinitis. Although there is a mass 
of literature on this subject, no complete text has heretofore been produced. 

This book is unique in its originality in both its method of presentation and the 
source of its data. It is entirely free from the chauvinistic tendency which so frequently 
invades texts on medical subjects. While the knowledge and facts of the past are 
reviewed in the introduction, the text proper contains only the data collected by the 
authors from their carefully studied clinical material in Mount Sinai Hospital. 

The subject is presented by recording one hundred case reports which, for pur- 
poses of systematic presentation, have been divided into four groups on an etiologic 
basis. Anatomic subdivisions have not been emphasized by anatomic pus pockets and 
planes of spread are easily visualized by the drawings which accompany the case reports. 

This book is so well expressed that it makes it possible for us to see and hear 
with the authors. It apparently was not produced for any one medical group. The 
specialist will find an eleemosynary granary to increase his superior knowledge. To the 
roentgenologist is given excellent reproductions of actual roentgenologic findings, with 
precise and replete word-pictures of these studied cases and, as the roentgenograms 
are frequently the only, or, at least, the most essential means of positive diagnosis, he 
will find much of interest. To the medical diagnostician, the thoracic and general 
surgeon, this text is indispensable. It calls attention to the fact that although 
mediastinitis is generally believed to be a rarity, that, in reality, it is comparatively 
common. This text will surely stimulate general interest in the subject of mediastinitis 
and make early diagnosis more common. It will help materially in making a differential 
diagnosis between actual suppurative mediastinitis, which demands early surgical 
intervention, and the more benign variety mediastinal lymphadenitis or cellulitis, which 
may subside with conservative treatment. 

The text, as above stated, consists of one hundred case reports. The cases range 
from the comparatively simple cervical retro-esophageal abscess, the etiologic factor 
being a puncture wound of the esophagus from a chicken bone, to the most complicated 
types. Case 81 presents such a picture. Here is presented an apparently simple cervical 
abscess. It was, however, complicated by a spread to the mediastinum, a contra- 
lateral cervical abscess, an involvement of both lungs, bronchiectasis, and exten- 
sions to lumbar spaces. This case is so fascinatingly presented by excellent word- 
picture, roentgenogram reproductions, both plain and following introduction of iodized 
oil, that the reader not only follows the disease process but also reviews the surgical 
anatomy of the neck, the normal planes of spread to the mediastinum, the lumbar space, 
and the unusual involvement of the bronchial tree producing a bilateral bronchiectasis. 
The report then leads the surgeon through numerous bold, courageous, but well planned, 
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operative procedures. Here, the surgeon sees, feels and even smells with the authors 
as they progress with careful surgical technic and sound surgical judgment, unroofing 
the intricate abscess pockets through a deep opening in the mediastinal structures and 
giving external drainage to these pus-containing spaces, resulting in ultimate cure. 

The unusual retrograde spread is also shown, as in Case 91, by acute gangrenous 
appenditicits, with perforation, appendicectomy, with drainage, wound infection to 
retroperitoneum, with retroperitoneal phlegmon, extension upward with mediastinal 
phlegmon, bilateral pleurisy and pericarditis. 

The three following case reports well illustrate that this text is of interest to 
the entire medical profession. Case 18 starts with otitis media, mastoidectomy, positive 
blood culture and metastatic mediastinal abscess. Case 50; bronchopneumonia, non- 
suppurative mediastinal lymphadenitis, with spontaneous recovery. Case No. 34; ton- 
sillitis and pharyngitis, cervical lymphadenitis, rheumatic fever, mediastinal lymphadenitis. 

Interspersed through the text are numerous simplified tables, so that, “he who 
runs may read.” Data may be easily compiled such as etiologic factors; the most 
common symptoms; the reliability of roentgenogram diagnosis; the type of organism 
most frequently found; the pathology and pathogenesis; relationship to pneumonia, 
empyema and putrid and nonputrid lung abscess; the frequency in age and sex; the 
morbidity and mortality. These tables are truly time-saving and thought provocative. 

After the case presentations the chapter on Fundamental Considerations is of special 
interest. In the chapter Subclassifications, discussions of various groups of cases both 
suppurative and nonsuppurative are presented. 

The chapter on Clinical Considerations, in which history, symptoms and signs are 
detailed, is well written. It distinguishes between, and emphasizes signs and symptoms 
in, the traumatic and nontraumatic, between advanced cases and those in the earlier 
stages. The significance of hemoptysis, carcinoma and upper respiratory infections are 
a few of the intensely interesting details that are mentioned with references to specific case 
reports in the main text. 

The final chapter, devoted tc Treatments and Results, brings this book to a satis- 
factory climax. It is didactic but not dogmatic. Facts are presented and logical 
explanations given, yet the reader is permitted to reach his own conclusions from un- 
questionable text data. Operative procedures are described. Unsatisfactory approaches 
and treatment are freely criticized. Many autopsy records are recorded. The whole 
book is stimulating. It contains a complete bibliography and index of cases and is, 
therefore, adapted to the reference of both the general practitioner and specialist. 

Joun V. Bourer, M.D. 
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Nemerous surgeons and anesthetists consider NEOcaine the outstand- 
ing spinal anesthetic. They appreciate its simple administration technic and 
— its efficiency and safety. 

proved worth in standard procedures, based on a quarter century of use, 
NEOcaine has also found a leading role in the newer “continuous” technics. 
Anesthetists prefer NEOcaine because of the speed and efficiency with which 
surgical anesthesia can be induced and because of its lasting effect. In the 
standard methods, anesthesia generally persists for 144 to 2 hours, longer 
with larger doses. The larger quantities required for the continuous spinal 
anesthesia are also available in single ampoules of NEOcaine. 

Surgeons like NEOcaine because the maximum muscular relaxation it 
provides facilitates delicate, atraumatic procedures and enables them to 
operate more skillfully. Recovery is quick, with a minimum of shock, nausea 

- or other complications. 

These distinctive qualities have made NEOcaine the first choice of thou- 
sands of phauiclens, Ronen it has followed many of them to all parts of the 
world, wherever our military forces may be in action. 

Supplied in boxes of ten ampoules of 50, 80, 100, 120, 150, 200 and 300mg. 
of pure procaine hydrochloride, especially prepared for spinal anesthesia. 


NEO caine 


FOR SPINAL ANESTHESIA 
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SHOCK is a complex syndrome having 
many causes and presenting many 
symptoms. Recent research’ has dem- 
onstrated that in post-operative and 
post-anesthetie shock intramuscular 
pressure drops before venous pressure 
fails. This intramuscular pressure is of 
greatest importance in maintaining pe- 
- ripheral circulation and venous pressure 


is returned to normal by a restoration 
of intramuscular pressure. 
CORAMINE,®* of all the drugs tested, 
was found to promptly and spectacu- 
larly increase intramuscular pressure to 
normal. It was used intravenously in 
doses of 5-10 ec. 

Lndwig INTRAMUSCULAR PRESSURE, Am). 
Med. Sci., 204, 266-283, Aug., 1942. 
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